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(54) AUTOMATIC TESTING APPARATUS 

(57) In order to provide an automatic testing appa- 
ratus with improved reliability of test results, capable of 
conducting automatically such operations as sterile 
testing, microorganism limit testing, insoluble particu- 
late measurement testing, divided portion testing for 
chemical analysis and chemical reaction testing, etc., 
and capable of accommodating changes in the speci- 
men or the test container with each sample as well as 
changes in operating procedures with each sample so 
as to eliminate the possibility of human error and pre- 
vent contamination of the operating environment by 
human hands, the automatic testing apparatus of the 
present invention prepares a sample by mounting a set 
of various pieces of equipment including the specimen 
or test containers required to be changed with every 
sample atop a same work base and providing that work 
base as a unit to within the operating range of a robot, 
with the robot then handling the various pieces of equip- 
ment atop the work base to prepare the sample. 
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Description 

FIELD OF THE INVENTION 

[0001 1 An operation of making a cuftur medium from s 
a specimen in order to determine the presence or 
absence of bacteria or fungi in a specimen comprising a 
vial filed with powder or fluid by using a membrane f iter 
is known. 

[0002] The present invention concerns a sterile test 
apparatus for testing the vial, and more particularly an 
apparatus that makes maximum use of the benefits of 
an operating apparatus for sterile testing. 
[0003] However, the present invention is not limited to 
a sterile test apparatus; with a partial alteration and/or 
addition, it can also be similarly used as an automatic 
testing apparatus for all microorganism testing as well 
as an automatic testing apparatus for insoluble particu- 
late testing done under the same conditions and per- 
forming the same operations as those for sterile testing. 
[0004] Therefore, the present invention concerns an 
automatic testing apparatus that can be utilized for all 
the above-mentioned tests. 

[0005] The following explanation uses an example of 
th present invention utilized as an automatic sterile 
testing apparatus. 

BACKGROUND OF THE INVENTION 

[0006] Conventionally, the making of a sample in order 
to determine the presence or absence of germs by 
using a membrane filter method, as for example shown 
in the drawings (Fig. 1) describing the conventional art 
in Laid-Open Patent Application No. 63-230077, has 
involved a vacuum suction filtration method employing 
syringes, flasks, funnels and the like, and has been per- 
formed entirely as a manual operation. 
[0007] However, this vacuum suction titration method 
presupposes operation by human hands inside a clean 
room, and it is difficult to completely prevent contamina- 
tion of the clean room by technicians. That is. with the 
vacuum suction filtration method there is a possibility of 
obtaining false positive readings because of the possi- 
bility that ambient air gets drawn into the specimen, thus 
calling into question the accuracy of the test 
[0008] In order to solve this problem a sterile test unit 
employing a pressurized filtration method consisting of 
a suction needle and two culture tubes to each of which 
is connected two tubes has been developed, greatly 
reducing the introduction of germs from the operating 
environment into the specimen during testing. 
[0009] However, even with use of this sterile test unit 
it is difficult to prevent contamination of the environment 
by people when carrying out a series of manual opera- 
tions inside the clean room and the introduction of 
germs cannot be completely eliminated. In addition, 
existing problems of procedural mistakes during opera- 
tion, poor test efficiency and high cost remain unad- 



dressed. 

[0010] As a means of resolving these problems the 
vial automatic sterile test unit of Laid-Open Patent 
Application 63-230077 previously menti ned has been 
developed. However, said apparatus, too, has the fol- 
lowing problems and is not the fundamental problem 
resolution sought for sterile testing operations. 



1) When the necessary equipment is added to said 
10 apparatus (in the preparatory stage), humans must 

enter the clean room in order to work. The interior 
of the dean room is contaminated when humans 
enter the clean room, sterile testing is done in a 
contaminated environment and the possibility of 
is false positives remains a concern. 

2) When a plurality of samples of different funnels 
are positioned at said apparatus, the structure of 
the apparatus is such that the injection needle used 
to inject the solutions does not change even though 

20 the sample changes, so there is a chance that the 
samples may be contaminated beginning with the 
second sample. 

3) The specimen transport tray must be replaced 
every time there is a change in either the shape of 

25 the specimen container, the volume of the speci- 
men per single sample, the shape of containers 
other than those of the specimen, the volume or the 
testing order, making for extraordinarily frequent 
and complex operation and an extraordinarily large 
30 number of trays, necessitating storage space for the 
trays and creating a large additional burden of 
keeping track of the trays as well. 

4) The stock device for all the container cases is a 
surface-arrangement type and moreover a stock 

35 device is needed for both before and after testing, 
so the larger the number of samples per device the 
greater the area required by the device, which 
means that the number of samples that can be 
processed per set inside an existing clean room 
40 cannot be large. 

5) The order of operation is fixed and each and 
every one of these processes must be started 
simultaneously, so the interval required by the proc- 
ess that takes the longest is the required interval, 

45 making the entire time required for the test very 
lengthy. 

6) The order of operation is fixed, so when the 
same operation is repeated additional devices for 
such operation must be added to the apparatus, 

so increasing the area retired and adding to the cost. 

7) The unit only uses vials, and cannot be adapted 
either to other types of specimen containers (such 
as ampules, transfusion solution bags, eye-drop- 
pers, etc.) or to other purposes (such as the direct 

55 method of making samples for sterile testing), mak- 
ing it necessary consider other types of equipment 
adapted to each type of container or vial. 
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SUMMARY OF THE INVENTION 

[001 1 1 It is the general object of the present invention 
to provide an improved and useful automatic testing 
apparatus that solves problems like those mentioned s 
above. 

[001 2] A more specific object of the present invention 
is to provide an automatic testing apparatus that per- 
forms automatically, without any human intervention 
whatsoever, even when there are changes in the opera- 
tions required for the test depending on the shape and 
size of the specimen to be tested, the method of testing 
or the order of operations, and which reduces the fre- 
quency and complexity of operations and performs mis- 
take-free operation with a high degree of accuracy. 
[001 3] The object of the present invention is achieved 
by an automatic testing apparatus comprising a work 
base mounting the test specimen as well as equipment 
required for the testing of the specimen; a robot device 
for moving according to a previously determined proce- 
dure said test specimen and equipment mounted on 
said work base set at a predetermined testing position 
for performing predetermined tests on a test specimen 
mounted on the work base; and a work base providing 
mechanism for providing the work base to the testing 
position, such that the specimen to be tested can be 
changed on a work base-unit basis. 
[0014] According to the above-mentioned automatic 
testing apparatus, by simply setting the test specimen 
as well as the equipment required for the test specimen 
on the work base, the test specimen and equipment 
mounted on said work base are moved by the robot 
device according to a predetermined order and the 
retired tests executed. As a result, by pre-prog ram- 
ming the robot device to perform test procedures on an 
individual work-base basis for each test specimen, a 
variety of tests are performed automatically without 
human intervention, thus reducing the frequency and 
complexity of operations and making it possible to per- 
form mistake-free operations of high reliability. 
[001 5\ In addition, another object of the present inven- 
tion is to provide an automatic testing apparatus that is 
capable of performing automatically the many above- 
mentioned operations with respect to specimens with- 
out fear of contamination by germs from human hands 
even without the use of a dean room, that is more sim- 
plified in structure and from which highly accurate test 
results can be expected. 

[001 6] The object of the present invention is achieved 
by an automatic testing apparatus having a sealed first 
partition chamber enclosing a range of handling opera- 
tion of a robot device, said f irst partition chamber com- 
prising a sealable port portion for work base entry and 
exit, a filter unit positioned on a top portion of said first 
partition chamber, and exhaust ports positioned on the 
bottom porti n and side surface portions, and struc- 
tured so as to permit the operation of said robot device 
inside said first partition chamber comprising a clean 



booth function. 

[0017] According to an automatic testing apparatus of 
this type, the testing of a test specimen on the work 
base can be carried out automatically by the robot 
device without fear of contamination by germs from 
human hands even without the use of a clean room, the 
automatic testing apparatus itself being one that is more 
simplified in structure and from which highly accurate 
test results can be expected. 

[0013] In addition, the present invention provides on a 
front step of the first partition chamber a work base 
stock device so that work bases can be continuously 
supplied to the first partition chamber that demarcates 
the range of operation of the robot device, with the work 
base providing mechanism structured so as to be able 
to provide from said stock device each work base to 
said test position inside said partition chamber, 
[0019] Moreover, the present invention provides on 
every above-mentioned automatic testing ^paratus a 
sealed second partition chamber enclosing said stock 
device so that germs can be prevented from entering 
during the process of providing the test specimen to the 
robot device, with said second partition chamber com- 
prising a sealable port portion for work base entry and 
exit and exhaust ports positioned on the bottom portion 
and side surface portions, so as to permit operation of 
said stock device inside said second partition chamber 
comprising a clean booth function. 
[0020] The present invention can be structured so that 
the work bases can returnably move between the first 
partition chamber and the second partition chamber, so 
that the exchange of work bases is simple. 
[0021 ] In addition, the present invention can be made 
to be equipped with a disinfecting means for spray-mist- 
ing a disinfectant fluid into at least one of the first parti- 
tion chamber and second partition chamber, so that the 
adhesion of germs to the test specimen may be even 
further prevented. 

[0022] It is preferable that this disinfectant fluid be 
strong-acid ionized water. 

[0023] Similarly, the present invention can be 
equipped with a UV lamp emitting germ-killing rays and 
an ozone-generating lamp inside the first partition 
chamber, so that the adhesion of germs to the test 
specimen may be even further prevented. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] Other objects, features and advantages of the 
present invention will become apparent from the follow- 
ing detailed description when read in conjunction with 
the accompanying drawings. 

Fig. 1 is a plan view of the entire automatic sterile 
testing apparatus according to a first embodiment 
of the present invention. 

Fig. 2 is a view along the arrows M-M shown in Fig. 
1. 



15 



20 



25 



30 



35 



40 



45 



50 



3 



EP 0 913 465 A1 



5 

Fig. 3 shows the construction of the work bases 
used in the apparatus shown in Fig. 1. 
Fig. 4 shows an arrangement of various types of 
containers on a work palette mounted on the work 
base shown in Fig. 3. s 
Fig. 5 shows a plan view of a solution injection 
pump unit used in the apparatus shown in Fig. 1 . 
Fig. 6 shows the construction of a solution injection 
tube unit. 

Fig. 7 is a view along the arrows M-M shown in Fig. w 
5. 

Fig. 8 shows a plan view of a pump unit for injecting 
a variety of solutions. 

Rg. 9 shows the construction of a sterile test unit 

Fig. 10 is a view along arrows M-M shown in Fig. 8. is 

Rg. 11 shows a side view of a pinch valve. 

Rg. 12 shows a plan view of a work manipulation 

table. 

Rg. 13 is a view along the arrows M-M shown in 
Rg. 12. 20 
Rg. 14 is a view along the arrows N-N shewn in Rg. 

5. 

Rg. 1 5 is a cross-sectional view along the line N-N. 
Rg. 1 6 is a view along the arrows N-N shown in Rg. 
8. 25 
Rg. 1 7 is a view along the arrows P-P shown in Fig. 
8. 

Rg. 18 shows a plan view of a container switching 
device. 

Rg. 19 is a view along the arrows M-M shewn in 30 
Rg. 18. 

Rg. 20 shows a plan view of a device fa opening 
ampules. 

Rg. 21 is a view along the arrows M-M shown in 

Rg. 20. 35 

Rg. 22 is a front view of a device for collecting the 

broken-off neck portions of ampules. 

Rg. 23 is a diagram for explaining a method for 

changing the position at which an ampule is 

grasped. 40 

Rg. 24 is a diagram for explaining a method for 

ascertaining the shape of a container. 

Rg. 25 shows the construction of an auxiliary 

ampule injection container. 

Rg. 26 shows the construction of a transfusion 45 

solution bag fixing container. 

Rg. 27 shows the construction of a tube unit for 

injecting containers of indeterminate shape. 

Rg. 28 shows a front view of a work stocker. 

Rg. 29 shows a front view of a device for raising so 

and lowering the circulating frame. 

Rg. 30 is a view along the arrows M-M shewn in 

Rg. 29. 

Rg. 31 shows a front view of an ascending portion 
circulating frame support. ss 
Rg. 32 shows a front view of a descending portion 
circulating frame support device. 
Rg. 33 shows a side view of a device for laterally 



moving an upper portion circulating frame. 
Rg. 34 shows a side view of a device for moving lat- 
erally a lower portion circulating frame. 
Rg. 35 shows a front view of a stocker chamber. 
Rg. 36 shows a fr nt view of a robot chamber. 
Rg. 37 shows an external view of the entire auto- 
matic sterile testing apparatus according to an 
embodiment of the present invention 
Rg. 38 shows a plan view of an example of an 
expanded system. 

Rg. 39 is a view along the arrows A-A shown in Rg. 
38. 

Rg. 40 is a flow chart showing an example of the 

order of operations in the case of a test specimen 

consisting of powder-fDIed vials. 

Rg. 41 is a flow chart showing an example of the 

order of operations in the case of a test specimen 

consisting of fluid-filled vials. 

Rg. 42 is a flow chart showing an example of the 

order of operations in the case of a test specimen 

consisting of fluid-filled ampules. 

Rg. 43 is a flow chart showing an example of the 

order of operations in the case of a test specimen 

consisting of powdertflled ampules. 

Rg. 44 is a flow chart showing an example of the 

order of operations in the case of a test specimen 

consisting of small-mouth-diameter containers of 

indeterminate sizes. 

Rg. 45 is a flow chart showing an example of the 

order of operations in the case of an automatic test 

in accordance with the direct method. 

Rg. 46 shows an example of a container case 

arrangement in the case of the target containers 

being test tubes and freshets. 

Rg. 47 is a diagram for explaining a method for 

moving test tubes. 

Rg. 48 shows a filter suction jig unit. 

Rg. 49 shows an example of an arrangement of a 

container case for the membrane filter attachment 

method. 

Rg. 50 shows a plan view of an example of an insol- 
uble particulate testing apparatus. 
Rg. 51 shows a container case arrangement (1) of 
an insoluble particulate testing apparatus. 
Rg. 52 shows a container case arrangement (2) of 
an insoluble particulate testing apparatus. 
Rg. 53 shows a container case arrangement (3) of 
an insoluble particulate testing apparatus. 
Rg. 54 is a flow chart showing an example of the 
order of operations in the testing of insoluble partic- 
ulates. 

Rg. 55 shows a side view of the automatic sterile 
testing apparatus according to a second embodi- 
ment of the present invention 
Rg. 56 is a first diagram for explaining a method for 
processing ampules using an automatic sterile test- 
ing apparatus. 

Rg. 57 is a second diagram for explaining a method 
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for processing ampules using an automatic sterile 
testing apparatus. 

Fig. 58 is a third diagram for explaining a method for 
processing ampules using an automatic sterile test- 
ing apparatus. s 
Fig. 59 is a fourth diagram for explaining a method 
for processing ampules using an automatic sterile 
testing apparatus. 

Fig. 60 shows the structure of a solution needle 
used in the automatic sterile testing apparatus as 10 
shown in Fig. 1 and Fig. 2. 
Fig. 61 shows the structure of a solution neede 
used in the automatic sterile testing apparatus 
according to a second embodiment of the present 
invention. is 
Fig. 62 is a first diagram for explaining a method for 
controlling a level of a fluid of a culture tube using 
the automatic sterile testing apparatus according to 
a second embocfi merit of the present invention. 
Fig. 63 is a second diagram for explaining a method 20 
for controlling a level of a fluid of a culture tube 
using the automatic sterile testing apparatus 
according to a second embodiment of the present 
invention. 

Fig. 64 is a third diagram for explaining a method for 25 
controlling a level of a fluid of a culture tube using 
the automatic sterile testing apparatus according to 
a second embodiment of the present invention. 

BEST CONFIGURATIONS FOR IMPLEMENTING THE 30 
INVENTION 

[0025] A description will now be given of the preferred 
embodiments of the present invention with reference to 
the drawings. 35 
[0026] As shown in Fig. 1 (plan view of the entire 
apparatus) and Fig. 2 (view along arrows M-M of Fig. 1), 
the automatic sterile testing apparatus according to a 
first embodiment of the present invention comprises a 
detachably attached work table (A), a work stacker (B), ao 
a work manipulation table (C), an auxiliary work manip- 
ulation table (D), a work manipulation robot (E) and a 
work base (F). 

[0027] As shown in Fig. 3 (work base construction dia- 
gram), the work base (F) comprises equipment required 45 
for operation as well as equipment required to be 
changed with each sample, in other words a container 
case F1 ; a pump unit F2 for injecting solutions mounting 
a tube unit for injecting solutions; a pump unit F3 for 
injecting a variety of solutions mounting a sterile test so 
unit in order to inject a variety of solutions; and a work 
palette F4 mounted on this equipment. 
[0028] The container case F1 can be detached from 
the work palette F4, while the solution injection pump 
unit F2 and the pump unit F3 for injecting a variety of ss 
solutions are attached to the work palette. 
[0029] In the present embodiment as shown in Fig. 4 
(diagram showing an arrangement of various types of 



containers on a work palette mounted on the work 
base) the container case F1 is for example provided 
with specimen containers F1-1 in the form of vials, with 
20 specimens per sample (20 containers); one prepara- 
tory rinsing fluid container F1-2; two rinsing fluid con- 
tainers F1-3; one solution container F1-4; on culture 
medium A container F1-5; and one culture medium B 
container F1-6, together with one cap container F1-7 
and one empty space F1-8. 

[0030] As shown in Fig. 5 (plan view of a solution 
injection pump unit), the solution injection pump unit F2 
comprises a solution transfer pump F5, a solution suc- 
tion needle stand F6 and a solution injection needle 
stand F7, with a solution injection tube unit F8 set on 
said solution injection pump unit F2. 
[0031] As shown in Fig. 6 (construction of a solution 
injection tube unit), the solution injection tube unit F8 
comprises a solution suction needle F8-1, a solution 
injection needle F8-2 and a connecting tube F8-3. A first 
filter F8-4 is connected to said solution suction needle 
F8-1 via a tube F8-5, while a second titer F8-6 is con- 
nected to said solution injection needle F8-2 via a tube 
F8-7. A first cap F8-8 covers said solution suction nee- 
dle F8-1 while a second cap F8-9 covers solution injec- 
tion needle F8-2. 

[0032] As shown in Fig. 5 and Fig. 7 (view along 
arrows M-M of Fig. 5), the solution suction needle F8-1 
of this solution injection tube unit F8 is attached to the 
solution suction needle stand F6, the solution injection 
needle F8-2 is attached to the solution injection needle 
stand F7 and the connecting tube F8-3 is attached to 
the solution transport pump F5, respectively. 
[0033] As shown in Fig. 8 (plan view of a pump unit for 
injecting a variety of solutions), the pump unit F3 for 
injecting a variety of solutions comprises a various-solu- 
tion transfer pump F9, a solution suction needle stand 
F10, a first pinch valve F1 1, a second pinch valve F12 
and a culture tube stand F13. A sterile test unit 14 is 
attached to said pump unit F3 for injecting a variety of 
solutions. 

[0034] As shown in Fig. 9 (construction of sterile test 
unit), said sterile test unit F14 comprises a solution suc- 
tion needle F14-1, a first culture tube F14-2, a second 
culture tube F14-3, a first connecting tube F14-4 and a 
second connecting tube F14-5. To the solution suction 
needle F14-1 is attached a solution suction needle cap 
F14-7 and a filter F14-6. A first upper cap F14-8 and a 
second upper cap F1 4-9 cover a first upper exhaust port 
F14-12 and a second upper exhaust port F14-13 of the 
fast culture tube F14-2 and the second culture tube 
F14-3, respectively, while a first bottom cap F14-10 and 
a second bottom cap F14-1 1 , respectively, are installed 
on the lower exhaust ports of the culture tubes. 
[0035] As shown in Fig. 8 and Fig. 10 (view along 
arrows M-M shown in Fig. 8), in said sterile test unit F14 
the solution suction needle F14-1 is mounted on the 
solution suction needle stand F1 0, with the f rst and sec- 
ond connecting tubes F14-4 and F14-5, respectively, 
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connected to the various-solution transfer pump F9. In 
between the solution suction needle stand F10 and the 
various-solution transfer pump F9, the first connecting 
tube F1 4-4 is connected to the first pinch valve F11 and 
the second connecting tube F14-5 is connected to the s 
second pinch valve F12 . The first culture tube F14-2 
and the second culture tube F14-3 are mounted on the 
culture tube stand F13. 

[0036] It has been previously mentioned that the con- 
tainer case F1 is detachabfy connected to the work pal- w 
ette F4, while the solution injection pump unit F2 and 
the pump unit F3 for injecting a variety of solutions are 
fixed to the work palette F4. However, the attachment to 
and detachment from this solution injection pump unit 
F2 of the solution injection tube unit F8, as well as the 15 
attachment to and detachment from the pump unit F3 
for injecting a variety of solutions of the sterile test unit 
F14, are carried out manually. 
[0037] As shown in Fig. 12 (plan view of a work manip- 
ulation table), the work manipulation table the work 20 
manipulation table (C) comprises a work base retrieval 
and storage device C1 for retrieving the work base (F) 
from the work stacker (B) and advancing it to a predeter- 
mined position of said work manipulation table (C) as 
w II as removing it from the predetermined position of 25 
said work manipulation table and storing it in the work 
(stocker) (B); a table C13 for manipulating the solution 
to be placed on said work base (F); a table C14 for 
manipulating a variety of solutions to be placed on said 
work base F; a first work base position determining 30 
device C5 for fixing said work base (F) to said solution 
manipulation table C13; a second work base position 
determining device C12 for fixing said work base (F) to 
said table C14 for manipulating a variety of solutions to 
be placed on said work base (F); a device C2 for grasp- 35 
ing and raising or lowering the solution container, such 
device being provided on an upper portion of a fixed 
position of the solution suction needle stand F6; a 
device C3 for grasping and raising or lowering a speci- 
men container, such device being provided on a lower 40 
portion of a fixed position of the solution injection needle 
stand F7; a solution transport pump rotating device C4 
provided on a lower portion of a fixed position of the 
solution transport pump F5; a device C6 for grasping 
and raising or lowering a variety of solution containers, 45 
such device being provided on a lower portion of a fixed 
position of the various-solution suction needle stand 
F10; a device C7 (shown in Fg. 10) for aiding in remov- 
ing the caps from the various-solution suction needle; a 
first device C8 for opening and dosing a pinch valve, so 
such device being provided on an upper portion of a 
fixed position of a first pinch valve F1 1 ; a second device 
C9 for opening and closing a pinch valve, such device 
being provided on an upper portion of a fixed position of 
a second pinch valve F12; a various-solution transport ss 
pump rotating device C10, such device being provided 
on a lower portion of a fixed position of the various-solu- 
tion transport pump F5; and a device C1 1 for attaching 



and detaching caps on the bottoms of culture tubes, for 
attaching and detaching a first bottom cap F1 4-1 0 and a 
second bottom cap F14-1 1 to and from a first culture 
tube F14-2 and a second culture tube F1 4-3. 
[0038] As shown in Fig. 13 (view along the arrows M- 
M shown in Fig. 12), the work base retrieval and storage 
device C1 comprises a stand C1-1 ; a horizontally mov- 
able cylinder C1-2; a supporting frame C1-3; a cylinder 
C1 -4 for raising and lowering; and a pin C1-5. With the 
ascent of said cylinder C1-4 for raising and lowering, 
said pin C1-5 can be lowered into a gap in a handle of 
the work palette F4, the work base (F) can be removed 
from the work stocker (B) and brought to the work 
manipulation table (C) and then removed from the work 
manipulation table (C) and stored in the work stocker 
(B). 

[0039] As shown in Fig. 7 (view along the arrows M-M 
shown in Fig. 5), the device C2 for grasping and raising 
or lowering the solution container comprises a vertical- 
use cylinder C2-1 for raising and lowering provided on 
the table C13 for manipulating the solution to be placed 
on the work base; a solution container support tray C2- 
2; a horizontally movable cylinder C2-3; and a grasping 
hook C2-4. When a solution container F1 -4 is brought to 
the device C2 for grasping and raising or lowering the 
solution container by the work manipulation robot (E), 
the grasping hook C2-4 is closed by the operation of the 
horizontally movable cylinder C2-3, the cap portion of 
the solution container F1-4 is grasped, the vertical-use 
cylinder C2-1 descends and the solution suction needle 
F8-1 attached to the solution suction needle stand F6 is 
inserted in the cap. 

[0040] As shown in Fig. 14 (view along the arrows N- 
N shown in Fig. 5), the device C3 for grasping and rais- 
ing a specimen container is provided on the table C13 
for manipulating the solution to be placed on the work 
base and comprises a vertical-use cylinder C3-1 for 
raising and lowering; a specimen container support 
base C3-2; a horizontally movable cylinder C3-3 and a 
grasping hook C3-4. When a specimen container F1~4 
is brought to the device C3 for grasping and raising the 
specimen container by the work manipulation robot (E), 
the grasping hook C3-4 is closed by the operation of the 
horizontally movable cylinder C3-3, the body of the 
specimen container F1-1 is grasped, the vertical-use 
cylinder C3-1 ascends and the solution injection needle 
F8-2 attached to the solution injection needle stand F7 
is inserted in the cap of the specimen container F1 -1 . 
[0041] As shown in Fig. 14, the solution transport 
pump rotating device C4 comprises a vertical-use cylin- 
der C4-1 provided on the table C13 for manipulating the 
solution to be placed on the work base; a rotating device 
support base C4-2; a rotating device C4-3; and a cou- 
pling C4-4. The ascent of the vertical cylinder C4-1 
brings the coupling C4-4 into contact with the rotating 
axis of the solution transport pump F5, thus causing the 
solution transport pump F5 to rotate. 
[0042] As shown in Fig. 1 5 (cross-sectional view along 
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the line N-N of Fig. 12), the first work base position 
determining device C5 comprises a vertical-use cylin- 
der C4-1 provided on the table C13 for manipulating the 
solution to be placed on the work base; a cylinder base 
C5-2; and a work base insertion pin C5-3. The ascent of 
the vertical cylinder C5-1 inserts the work base inser- 
tion pin C5-3 into a hole previously provided on the work 
palette and activates the work base position determin- 
ing device at the same time as it activates a second 
work base position determining device C12 (to be 
descrbed later) to determine and fix the position of the 
work base. 

[0043] As shown in Fig. 10 (view along arrows M-M 
shown in Fig. 8), a device C6 for grasping and raising or 
lowering a variety of solution containers comprises a 
vertical cylinder C6-1 provided on the table C14 for 
manipulating a variety of solutions to be placed on the 
work base; a container support tray C6-2; a horizontally 
movable cylinder C6-3; and a grasping hook C&4. 
When a variety of solution containers is brought to said 
device C6 for grasping and raising or lowering a variety 
of solution containers by the work manipulation robot 
(E), the grasping hook C6-4 is closed by the operation of 
the horizontally movable cylinder C6-3, the cap portion 
of said variety of solution containers is grasped, the ver- 
tical cylinder C2-1 descends and the solution suction 
needle F14-1 attached to the solution injection needle 
stand F10 is inserted in the cap of the solution con- 
tainer. 

[0044] As shown in Fig. 1 0, the device C7 for aiding in 
removing the cap from the various-solution suction nee- 
dle comprises a support C7-1 provided on the table C1 4 
for manipulating a variety of solutions to be placed on 
the work base; a horizontally movable cylinder C7-2; 
and a hook C7-3 attached to a robot edge. This device 
is intended to make it easier to remove the suction nee- 
dle cap when using the work manipulation robot (E). by 
loosening the suction needle cap 14-7 covering the 
solution suction neecfle F14-1 attached to the solution 
suction needle stand F10 prior to beginning operation . 
Said device C7 for aiding in removing the cap from the 
various-solution suction needle is not needed if the 
removal of said suction needle cap F14-7 can be done 
easily. 

[0045] As shown in Fig. 10 and Fig. 11, the first pinch 
valve operating device C8 comprises a support C8-1 
provided on the table C14 for manipulating a variety of 
solutions to be placed on the work base; a vertical-use 
cylinder C8-2; and a valve push rod C8-3, with the 
ascent and descent of said valve push rod C8-3 opening 
and closing the first pinch valve F1 1 . 
[0046] As shown in Fig. 10 and Fig. 11, the second 
pinch valve operating device C9 comprises a support 
C9-1 provided on the table C14 for manipulating a vari- 
ety of solutions to be placed on the work base; a vertical 
cylinder C9-2; and a valv push rod C9-3, with the 
ascent and descent of said valve push rod C8-3 opening 
and closing the second pinch valve F1 1 . 



[0047] As shown in Fig. 16 (view along the arrows N- 
N shown in Fig - 8), a various-solution transport pump 
rotating device C10 comprises a vertical cylinder C10-1 
provided on the table C14 for manipulating a variety of 

5 solutions to be placed on the work base; a rotating 
device support base C10-2; a rotating device C10-3; 
and a coupling C10-4. The ascent of the vertical cylin- 
der C10-1 brings the coupling C10-4 into contact with 
the rotating axis of the various-solution transport pump 

io F9, thus causing the various-solution transport pump F9 
to rotate. 

[0048] AsshowninFtg. 16 and Fig. 17 (view along the 
arrows P-P shown in Fig. 8), a device C1 1 for attaching 
and detaching caps to and from the bottoms of culture 

75 tubes comprises a support C11-1 provided on the table 
C14 for manipulating a variety of solutions to be placed 
on the work base; a horizontally movable cylinder base 
C1 1-2; a horizontally movable cylinder C1 1-3; a vertical 
cylinder C11-4; a base C1 1-5 for a device for attaching 

20 and detaching caps; a first device C1 1-6 for attaching 
and detaching a cap from the bottom of a culture tube; 
a second device C1 1-7 for attaching and detaching a 
cap from the bottom of a culture tube; a first drainage 
tube C11-8 and a second drainage tube C11-9. By 

25 operating said horizontally movable cylinder C1 1 -3, said 
vertical cylinder C11-4 and said first and second 
devices C1 1-6 and C1 1-7 for attaching and detaching a 
cap to and from the bottom of a culture tube, the first 
bottom cap F 14-10 of a first culture tube F14-2 and the 

30 second bottom cap F14-11 of a second culture tube 
F14-3 can be detached and stored or attached. Said 
first and second drainage tubes C1 1 -8 and C1 1 -9 come 
below a discharge port of said first culture tube F14-2 
and a discharge port of said second culture tube F14-3 

35 to catch the drainage when said first and second bottom 
caps F14-10 and F14-1 1 are detached and stored. 
[0049] As shown in Fig. 12, the second work base 
position determining device C1 2 is of the same specifi- 
cations as the first work base position determining 

40 device C5 and is mounted on the table C14 for manipu- 
lating a variety of solutions to be placed on the work 
base; it is operated at the same time as said first work 
base position determining device C5 and fixes the 
determined position of the work base F. 

45 [0050] As shown in Fig. 1, an auxiliary work manipu- 
lation table (D) is provided at a position separate from 
that of the work manipulation table (C) within the range 
of possible operation of the work manipulation robot (E) 
. Said auxiliary work manipulation table (D) is provided 

so with equipment which can be used in common on all 
flasks, and it is also equipped with a temporary con- 
tainer placement area 

[0051] The equipment which can be used in common 
on all flasks and the temporary container placement 
55 area comprises common equipment and temporary 
placement areas required for handing the specimen to 
be tested, such as a solution promotion vforating device 
D1; a container exchanging device D2; an ampule 
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opening device D3; a temporary placement area for pre- 
paratory rinsing fluid containers D4; a container grasp- 
ing position changing device D5; a temporary 
placement area for a solution suction needle cap D6; a 
first temporary placement area for a culture tube upper 
portion cap D7; a second temporary placement area for 
a culture tube upper portion cap D8; a temporary place- 
ment area for an auxiliary ampule injection container 
upper portion cap D9; a container shape confirmation 
sensor D1 0; and a temporary placement area for a solu- 
tion container D11. 

[0052] Trie solution promotion vibrating device D1 (not 
shown in the diagram) is a device for promoting dissolu- 
tion after a powder specimen has been injected into a 
solution, and comprises a vibrating device main unit and 
an air cylinder-powered chuck attached to an upper por- 
tion of said vibrating main unit. 
[0053] As shown in the drawing, the container 
exchanging device D2 is provided on a wall surface of 
the robot chamber and comprises a container support 
axis D2-1 for a fulcrum; a swing arm D2-2; a container 
receiver D2-3 attached to the end of the swing arm; and 
a cylinder D2-4 used to retract said container receiver. 
As shown in Fig. 19, this device is used when changing 
the hold on a container from an upper portion of the 
container to a lower portion, or from a lower portion to 
an upper portion. When placed within the normal range 
of operation H of the robot this device would interfere 
with the other operations of the robot so the retraction 
cylinder D2-4 is operated to store the device outside the 
operating range of the robot H in a position indicated by 
the dotted-dash lines in Fig. 18. The container receiver 
D2-3 is set within the operating range H of the robot as 
necessary. 

[0054] As shown in Fig. 20 and Fig. 21, the ampule 
opening device D3 comprises a device for positioning 
the ampule so that it may be broken off at the neck, with 
such device itself comprising a frame D3-1-1, a motor 
for rotating a rotary blade D3-1 -2, a revolving arm D3-1 - 
3, a first pulley D3-1-4, a belt D3-1-5, a second pulley 
D3-1-6, a rotary blade D3-1-7 and a spring D3-1; an 
auxiliary jig D3-2 having a U-shaped groove for break- 
ing the neck of the ampule as shown in Fig. 22; a hold- 
ing position setting bar D3-3 shown in Fig. 23(H); a 
chute D3-4 for guiding the broken-off necks of the 
ampules to a collection box; and a tray for supporting a 
box for collecting the broken-off necks of the ampules. 
The work manipulation robot (E) is used to set the col- 
lection box F1 -7 retrieved from the container case F1 on 
the collection box tray D3-5, the broken-off necks of the 
ampules are collected in the collection box F1-7 via the 
guide chute D3-4 and the box is returned to and stored 
in the container case F1 so as to collect waste gener- 
ated in preparation of the sample with the sample rtserf. 
[0055] As shown in Fig. 23, when the specimen con- 
tainer F1-1 is rtsetf an ampule the robot hand E1 is used 
to exchange the ampule and change the relative posi- 
tion at which the ampule is grasped, after which the 



ampule is brought into contact with the rotary blade and 
notched as shown in Fig. 21, the tip portion of the 
ampule is inserted in the U-shaped groove of the auxil- 
iary jig D3-2, the neck portion is twisted by th robot 

5 hand E1 and the top of th ampul is broken off at the 
neck. Fig. 23A shows a condition of a specimen con- 
tainer F1-1 retrieved by the robot hand E1, Fig. 23B 
shows a condition of a specimen container held by a 
container gasping position changing device hand D5-1 

w of a container grasping position changing device D5, 
Fig. 23C shows a condition of a specimen container 
held by a container grasping position changing device 
hand D5-1 and Fig. 23D shows the robot hand E1 
closed, the tip portion of the specimen container F1-1 

is pushed so as to make it easy to grasp the lower portion 
of the specimen container F1 -1 with the robot hand. Fig. 
23E shows a condition of the lower portion of the speci- 
men container F1-1 grasped by the robot hand E1, Fig. 
23F shows the container grasping position changing 

20 device hand D5-1 in a released condition, Fig. 23G 
shows an action of firmly readjusting the grip on the 
entire specimen container F1-1 and Fig. 23H shows a 
condition in which the bottom of the specimen container 
F1-1 is lifted sli^rtly by the holding position setting bar 

2s D3-3 in order to set the position at which to notch the 
ampule with the rotating blade so as to eliminate any 
effect from a poorly dimensioned neck portion 12. 
[0056] The temporary placement area for preparatory 
rinsing fluid containers D4 (not shown in the diagram) is 

30 a station for the temporary placement of preparatory 
rinsing fluid containers when these are used in common 
with a plurality of samples. This device is not needed 
when preparatory rinsing fluid is not used in common for 
a plurality of samples . 

35 [0057] The container grasping position changing 
device D5 (not shown in the diagram) is used as a tem- 
porary placement station when changing the position at 
which a variety of containers is held from the top portion 
of the container to either the middle body portion or the 

40 bottom portion, or from the body portion to either the top 
portion or the bottom portion , or from the bottom portion 
to either the middle body portion or the top portion, and 
is intended for use with comparatively small containers. 
[0058] The temporary placement area for a various- 

45 solution suction needle cap D6 (not shown in the dia- 
gram) is a station for the temporary placement of the 
various-solution suction needle cap F14-7 from the time 
the cap is removed prior to operation to the time the cap 
is replaced after operation. 

so [0059] The first temporary placement area for a cul- 
ture tube upper portion cap D7 (not shown in the dia- 
gram) and a second temporary placement area for a 
culture tube upper portion cap D7 (not shown in the dia- 
gram) are stations for the temporary placement of caps 

55 for sterile test unit upper portion exhaust ports. 

[0060] The temporary placement area for the auxiliary 
ampule injection container upper portion cap D9 is a 
station for the temporary placement of the upper cap 
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F1 5-3 of the auxiliary ampule injection container F15 
(shown in Fig. 25) used when pressure-filtering the 
solution contained in the ampule container and trans- 
porting it to the sterile test unit, from the time the cap is 
removed prior to operation to the time the cap is 
replaced after operation. The upper cap F1 5-3 can also 
be put into the collection box F1-7 without being 
returned to its original position. The auxiliary ampule 
injection container upper portion cap D9 is not needed 
in the event that the upper cap F15-3 is put into the col- 
lection box. 

[0061] The container shape confirmation sensor D10 
(not shown in the diagram) is a sensor lor confirming at 
two points - the width and the length - that the container 
shape held by the work manipulation robot E is or is not 
of a predetermined shape; the sensor does so by bring- 
ing the container- to a previously determined overhead 
position. As shown in Fig. 24, the sensor is programmed 
to include a margin of error with respect to a specimen 
container F1 -1 of dimensions R and H as shown in Fig. 
24 of R1. R2 and H1, H2; it confirms the shape of the 
container by sensing the presence of a container at R1 
and H1 and the absence of a container at R2 and H2. 
[0062] The temporary placement area for a solution 
container D1 1 (not shown in the diagram) is a station for 
the temporary placement of the container when the 
same solution container F1-4 is used for a plurality of 
samples. It is not needed when the same container is 
not used for a plurality of samples . 
[0063] As shown in Fig. 1 , the work manipulation table 
D can also be divided into several tables so long as they 
are within the operating range of the robot; the table 
need not be at one place only. 
[0064] The foregoing explanation of the construction 
of the apparatus of the present invention assumed that 
the specimens to be tested were chiefly powder- or 
fluid-filed vials - However, as explained previously, the 
present invention can be adapted for use with ampules 
or even transfusion solution bags which are of indeter- 
minate shape , a point which will now be explained. 
[0065] Where the specimen container F1-1 is a fluid 
ampule, and where the neck portion of said specimen 
container F1-1 is broken off and the solution suction 
needle F14-1 of the sterile test unit F14 is inserted 
directly into the open neck of the container and the 
specimen sucked up, the following measures are 
required: 

(1) The solution suction needle F14-1 is arranged 
so that it can be set above the work base facing 
downward. 

(2) A device for grasping and raising and lowering 
an ampule similar to the device C3 for grasping and 
raising or lowering a specimen container must be 
added to the lower portion of the solution suction 
needle F1 4-1. 

(3) The length of the solution suction needle F14-1 
must be matched to the size of the deepest speci- 



men container F14-1 . 

[0066] However, even with the application of these 
modifications there is stall a choice to be made between 

5 two types of sterile test units F14 when setting th solu- 
tion suction neecfle F14-1 to the work base, the solution 
suction needle stand F10 becomes even more compli- 
cated, a very long solution suction needle F14-1 would 
have to be used depending on the size of the container 

w and the solution suction needle F14-1 of a chosen 
length would then become unusable if the containers 
came to be even larger. There is thus a problem with 
respect to the operabflity, the cost of equipment the reli- 
ability of the equipment (i.e., the accuracy of extractions 

is with a long needle) and its flexibility with respect to the 
stability of supply of said equipment and any specifica- 
tion changes thereto (such as changes in the sizes of 
specimen containers). 

[0067] In place of the above-mentioned measures the 

20 present invention uses the auxiliary ampule injection 
container F15 shown in Fig. 25 to resolve the foregoing 
problems. That is, said auxiliary ampule injection con- 
tainer F1 5. which as shown in said Fig. 25 comprises an 
auxiliary ampule injection container main body F15-1: 

25 an auxiliary ampule injection container lower portion 
cap F15-2 (a cap of approximately the same specifica- 
tions as the vial container) attached to the lower portion 
of said auxiliary ampule injection container main body 
F15-1 for inserting said solution suction needle F14-1; 

30 and the upper cap F15-3 covering the upper portion to 
keep the machinery secret. By pouring all the ampule 
solvent into said auxiliary ampule injection container 
F15 the specimen can be handled in the same way that 
a fluid^filled vial is handled. 

35 [0068] In addition, where the specimen container F1 - 
1 is a container of indeterminate shape and a large suc- 
tion hole as shown in Fig. 26 a fixed container for inde- 
terminate-shape containers F16 is available, into which 
said specimen container F1-1 is placed in Hs entirety. 

40 This fixed container for indeterminate-shape containers 
F16 comprises a fixed container main body F16-1 for 
indeterminate-shape containers; a fixed container cap 
fixing portion F16-2 for indeterminate-shape containers; 
and a fixed container robot hand suspension portion 

45 F1 6-3 for indeterminate-shape containers . 

[0069] That is, the specimen container F1-1 is placed 
inside this fixed container for indeterminate-shape con- 
tainers F16 and this f ixed container is then loaded into 
the container case F-1 , to enable the sample to be han- 

so died in the same way that a fluid-filled vile is handled. 
[0070] A specimen container F1 -1 that is itself of inde- 
terminate shape like a plastic bag does not permit the 
solution injection tube unit F-8 shown in Fig. 6 for taking 
in outside air during suction to perform its function. 

55 [0071 ] As shown in Fig. 27, the present invention pro- 
vides an indeterminate-shaped container injection tube 
unit F1 7 that has the same specifications as the solution 
injection tube unit F8 except that it has a single indeter- 
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minate-shaped container suction needle F1 with no filter 
attached on the suction side. That is, said indetermi- 
nate-shaped container injection tube unit F17 is already 
installed on the solution injection pump unit F2, said 
indeterminate-shaped container fixed container F16, 5 
which has a built-in specimen container F1-1 in place of 
the solution container F1 -4, is installed on the device C2 
for grasping and raising or lowering the solution con- 
tainer, empty vial containers are positioned in the device 
C3 for grasping and raising or lowering a specimen con- 
tainer, the same operations as those performed with a 
solution injection are carried out and, after the solution 
in said specimen container F1-1 is all poured into said 
vial container, said container is positioned at the device 
C6 for grasping and raising or lowering a variety of solu- 
tion containers and is ready for manipulation. 
[0072] In theaforementioned manner the apparatus of 
the present invention can be adapted not only to use 
with vials but also with containers of various shapes and 
sizes, such as ampules, transfusion solution bags and 
eye-dropper bottles. 

[0073] As shown in Fig. 28 (front view of a work 
stacker) , the work stacker (B) comprises a main frame- 
work B1 ; a circulating frame B2 for storing and circulat- 
ing the work bases F (in this diacpam 10 trays) inside 
said work stacker (B); a circulating frame guide B3 so 
that the trays do not stray from the route when circu- 
lated; a device B4 for raising and lowering the circulat- 
ing frame B2 together with the work bases F stored 
therein; an ascending portion circulating frame support 
device B5 for continuously supporting the circulating 
frame B2 on the ascending side; a descending portion 
circulating frame support device B6 for supporting the 
circulating frame B2 that is second from the bottom of 
the circulating frame B2 on the descending side when 
said device B4 for raising and lowering the circulating 
frame B2 descends; a device B7 for moving to the side 
an upper portion circulating frame, for laterally moving 
the circulating frame B2 that is on the highest step on 
the ascending side to the highest step on the descend- 
ing side; and a device B8 for moving to the side a lower 
portion circulating frame, for laterally moving the circu- 
lating frame B2 that is on the lowest step on the 
descending side to the lowest step on the ascending 
side. Each and every one of these devices is operated 
so as to permit the circulating frame B2 to circulate . 
[0074] As shown in Fig. 29 (front view of a device B4 
for raising and lowering a circulating frame) and Fig. 30 
(view along the arrows M-M shown in Fig. 29), the 
device B4 for raising and lowering the circulating frame 
comprises a base B4-1 for the raising and lowering 
device; a vertical axle B4-2; a vertical axle bearing B4- 
3; a vertical arm B4-4; a vertical cylinder B4-5; and a 
device B4-6 for synchronizing the ascent and descent of 
the four vertical axles so that they all operate together at 
the same time. The base B4-1 for the raising and lower- 
ing device ascends and descends by operation of the 
vertical cylinder B4-5. 



[0075] As shown in Fig. 31 (front view of an ascending 
portion circulating frame support), an ascending portion 
circulating frame support device B5 comprises an 
ascending portion circulating frame support device 
mounting base B5-1; a rotating axle B5-2; a hook B5-3; 
and a spring B54. When the base B4-1 for the raising 
and lowering device ascends the circulating frame B2-2 
is pushed upward by the lower-step circulating frame 
B2-1. the hook B5-3 automatically releases and a sup- 
porting portion of the lower-step circulating frame B2-1 
passes the hook B5-3, at which point the hook B5-3 is 
returned to its original position by the spring B5-4 so 
that the circulating frame B2-1 is supported by the hook 
B5-1 even when the base B4-1 for the raising and low- 
ering device descends and the position once occupied 
by the circulating frame B2-2 is refilled by circulating 
frame B2-1 . 

[0076] As shown in Fig. 32 (front view of a descending 
portion circulating frame support device), a descending 
portion circulating frame support device B6 comprises a 
descencfing portion circulating frame support device 
mounting base B6-1 ; a rotating axle B6-2; a hook B6-3; 
a spring B6-4; and a hook release cylinder B6-5. When 
the base B4-1 for the raising and lowering device 
ascends a circulating frame B2-10 is lifted upward the 
hook release cylinder B6-5 is engaged and the hook B6- 
3 is released from its supporting position. The base B4- 
1 for the raising and lowering device begins to descend 
and the supporting portion of the circulating frame B2- 
10 and a needle on a lower side of a circulating frame 
B2-9 on an upper step of the circulating frame B2-10 
pass the hook portion B6-3, at which time the hook 
release cylinder B6-5 is engaged and the hook B6-3 
supports the circulating frame B2-9, the circulating 
frame B2-10 is let go and the base B4-1 for the raising 
and lowering device descends . 
[Q077] As shown in Fig. 33 (side view of a device for 
laterally moving an upper portion circulating frame), a 
device B7 for laterally moving an upper portion circulat- 
ing frame comprises a cylinder B7-1 for laterally moving 
an upper portion circulating frame mounted inside a 
chamber on an upper portion of the main frame unit B1 ; 
a push-plate support B7-2; and a push-plate B7-3. By 
engaging the cylinder B7-1 for laterally moving an upper 
portion circulating frame the circulating frame B5-2 on 
the uppermost step of the ascending line (the upper- 
most step on the left in the diagram) is moved to the 
uppermost step on the descending line (the uppermost 
step on the right in the diagram). 
[0078] As shown in Fig. 34 (a side view of a device for 
moving laterally a lower portion circulating frame), a 
device B8 for moving laterally a lower portion circulating 
frame comprises a cylinder B8-1 for laterally moving a 
lower portion circulating frame mounted on the base B4- 
1 for the raising and lowering device; a push-plate sup- 
port B8-2; and a push-plate B8-3. By engaging the cyl- 
inder B8-1 for laterally moving a lower portion 
circulating frame the circulating frame B2-10 on the low- 
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ermost step of the descencfing line (the lowermost step 
on the right in the diagram) is moved to the uppermost 
step on the descending line (the lowermost step on the 
left in the diagram). In the diagram th cylinder B8-1 for 
laterally moving a lower portion circulating frame is 
shown mounted on the base B4-1 for the raising and 
lowering device, but said cylinder B8-1 for laterally mov- 
ing a lower portion circulating frame can also be 
mounted on the main frame unit B1 . 
[0079] The operation of the work stacker B has to this 
point been described on the assumption that ascent 
and descent is accomplished using cylinders . However, 
as shown in Fig. 55 chains and elevators can also be 
used. 

[0080] As shown in Fig. 35 (front view of a stocker 
chamber) the work stocker B is entirely covered by a 
first covering G1 and sealed (hereinafter referred to as 
stocker chamber (S). The work stocker (B) has a clean 
booth function in that a first fitter unit G2 is mounted on 
an upper portion, an exhaust port G3 is provided on a 
lower portion side surface, a door G4 is provided on a 
side having a detachably attached work table (A) in 
order to permit a work table F to be inserted and 
retrieved, and an automatic door G5 is provided on a 
side having the work manipulation table (C). 
[0081] A first spray nozzle G6-1 is provided on the 
interior of the stocker chamber (S) so that the interior of 
the stocker chamber S, including the work base F , can 
be sterilized. 

[0082] Further, as shown in Fig. 36 (front view of a 
robot chamber) , the periphery of the work manipulation 
table (C) , the auxiliary work manipulation table (D) , the 
work operating robot (E) and the work base (F) is also 
entirely covered by a second covering G7 to form a 
sealed structure (hereinafter referred to as robot cham- 
ber (R)). As with the stocker chamber (S), the robot 
chamber (R) has a clean booth function in that a second 
filter unit G8 is mounted on an upper portion, an 
exhaust port G9 is provided on a lower portion side sur- 
face and a preservation door G4 is provided on a front 
side. 

[0083] As with the stocker chamber (S), the interior of 
the robot chanter (R) is also provided with a spray noz- 
zle (not shown in the diagram) so that the various 
pieces of equipment installed in the interior of the robot 
chamber (R) can be sterilized. 
[0084] Fig. 37 shows an external view of the entire 
apparatus . ft should be noted that the explanation of 
the present apparatus has up to now assumed an 
example of a basic configuration consisting of the 
stocker chamber (S) being connected to one side of the 
robot chamber (R) . However, as shown in Fig. 38 and 
Fig. 39 (view along the arrows A-A shown in Fig. 38) , it 
is also possdxe to connect stocker chambers (S) to both 
sides of the robot chamber (R) in order to increase the 
productivity of the specimen sample production. 
[0085] Moreover, the present apparatus has been 
explained using the example of an embodiment of an 



automatic sterile testing apparatus using a pressurized 
filtration method for vials, ampules, etc. As will be 
explained next , however, by matching the shape of the 
work base (F) to th shape of the container to be tested 

5 as well as to the shape of the equipment needed for its 
operation, by partially changing and addng to the auxil- 
iary work manipulation table device and by changing the 
work manpulation robot program* the present inven- 
tion can be utilized as an automatic sterile testing appa- 

w ratus according to a suction filtration method, an 
automatic sterile testing apparatus according to the 
direct method, an insoluble particulate automatic test 
manipulation apparatus and, further, an analysis- and 
reaction-related automatic muttiple-sofution test marap- 

is ulation apparatus, without being restricted by container 
shape or test procedure 

[0086] That is, by operating the apparatus according 
to the suction filtration method of using a membrane fil- 
ter, by providing a suction pipe C15 (not shown) on the 

20 supporting central portion of the solution support base 
C3-2, providing a cap on the upper portion of the funnel 
and connecting a lower portion exhaust port of a funnel 
unit F18 (not shown) having a valve on a lower portion 
from the filter to the suction pipe C15, said funnel unit 

25 F18 acquires a suction filtration function. Said funnel 
unit F18 is previously provided on the container case 
F1; by installing said funnel unit F1 8 on the device C3 
for grasping and raising or lowering a specimen con- 
tainer as necessary sample can be made using suction 

30 filtration in the same way as with the suction filtration 
method. 

[0087] The making of a sample with the direct method 
involves simply a process of combining and repeating 
the procedures of attaching and detaching test tube 

35 caps , separating solutions into portions and vtorating 
the tubes so as to promote dissolution, so in this case 
also the required samples can be made simply by using 
the solution injection pump unit F2. 
[0088] In the case of making a sample filter in order to 

40 measure the insoluble particulates in a specimen the 
procedure is virtually the same as that for the suction fil- 
tration method. In this case it is not necessary to inject 
the culture medium. 

[0089] The process of separating the solution into por- 
45 tions that is frequently undertaken during analysis is 
also done using only the solution injection pump unit F2, 
without using the pump unit F3 for injecting a variety of 
solutions. 

[0090] Next a description will now be given of several 
so examples of operation of the automatic sterile testing 
apparatus of the aforementioned embodiment . 

Example I: The specimen container to be tested F1- 
1 as a powder-fBled vial. 

55 

[0091 ] Operation of the apparatus in the event that th 
specimen container to be tested F1-1 is a powder-filled 
vial is for example in accordance with the procedure 



11 



21 



EP 0 913 465 A1 



22 



shown in Fig. 40. 

(1) (Preparatory operations) 
[0092] 

(1-1) Door G4, which also doubles as the detacha- 
bly attached specimen table (A) of the work stacker 
(B) is opened and the work base (F) is retrieved, 
while the operationally complete container case F1 , 
the solution injection tube unit F8 and the sterile 
test unit F14 are removed. A previously prepared 
container case F1, solution injection tube unit F8 
and sterile test unit F14 are attached and the sam- 
ple number or registration number are input into the 
control device. 

(1*2) The aforementioned operation is repeated as 
many times as necessary (in the diagram any 
number of repetitions from 1 to 10 can be set) and 
the door G4 that also doubles as the detachably 
attached specimen table (A) is closed. 
(1 -3) The switch to commence operation is thrown, 
automatically carrying out the following (15) opera- 
tions. 

(2) (Sterilizing the interior of the stacker chamber (S)) 
[0093] 

(2-1) The spray nozzle G6-1 is activated, emitting a 
disinfectant spray for a predetermined cycle or for a 
predetermined period of time. 
(2-2) After spraying is completed the interior of the 
chamber is fumigated for a predetermined cycle or 
for a predetermined period of time. 
(2-3) After fumigation is completed the interior of 
the chamber is aired out for a predetermined cycle 
or for a predetermined period of time. 
(2-4) Further, work stacker (B) is circulated so that 
the first frame of the circulating frame B2 is posi- 
tioned at the automatic door G5. 

(3) (Retrieving the work base (F)) 
[0094] 

(3-1) The automatic door G5 of the work stacker (B) 
is opened. 

(3-2) Hie work base retrieval and storage device 
C1 is activated, the work base (F) is positioned atop 
the work manipulation table and raised by the first 
work base position determining device C5 and the 
second work base position determining device C1 2, 
fixing said work manipulation table (C) atop said 
work base (F). 

(3-3) The automatic door G5 closes. 



(4) (Preparing the solution injection pump unit) 
[0095] 

5 (4-1) The solution transport pump rotating device 
C4 is raised and connected to the solution transfer 
pump F5. 

(4-2) The first cap F8-8 of the solution injection nee- 
dle F8-1 is removed by the work manipulation robot 
10 (E) and placed in the cap container F1-7 of the con- 
tainer case F1. 

(4-3) The second cap F8-9 of the solution injection 
needle F8-2 is removed by the work manipulation 
robot (E) and placed in the cap container F1-7 of 
75 the container case F1 . 

(5) (Preparing the-pump unit F3 for injecting a variety of 
solutions) 

20 [0096] 

(5-1) The various-solution transport pump rotating 
device C10 is raised and connected to the various- 
solution transfer pump F9. 

25 (5-2) The various-solution suction needle cap is 
removed, the auxiliary device C7 is activated and 
the fit between the various-solution suction needle 
F14-1 of the sterile test unit F14 and the various- 
solution suction needle cap F14-7 is loosened. 

30 (5-3) The various-solution suction needle cap F14- 
7 is removed by the work manipulation robot (E) 
and placed temporarily on the temporary place- 
ment area for a various-solution suction needle cap 
D6. 

35 (5-4) The device C11 for attaching and detaching 
caps on the bottoms of culture tubes is activated, 
removing a first culture tube bottom cap F1 4-1 0 and 
a second culture tube bottom cap F14-11. Also, 
said device C1 1 for attaching and detaching caps 

40 on the bottoms of culture tubes is moved laterally to 
position a first cfischarge tube C11-8 and a second 
discharge tube C11-9 at the lower portions of dis- 
charge ports of a first culture tube F1 4-2 and a sec- 
ond culture tube F14-3. 

45 (5-5)A first device C8 for opening and closing a 
pnch valve and a second device C9 for opening 
and closing a pinch valve are activated, opening a 
first pinch valve F1 1 and a second pinch valve F1 2. 

so (6) (Injecting the preparatory rinsing fluid) 

[0097] 

(6-1) The preparatory rinsing fluid container F1-2 is 
55 retrieved from the container case F1 by the work 
manipulation robot (E), the position at which the 
container is grasped is changed by the container 
grasping position changing device D5 and turned 
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over by the device C6 for grasping and raising or 
lowering a variety of solution containers. 
(&-2) The device C6 for grasping and raising or low- 
ering a variety of solution containers is lowered and 
the various-solution suction need F14-1 , which is 
mounted on the solution suction needle stand F10, 
is inserted into the cap portion of the preparatory 
rinsing fluid container F1-2. 
(6-3) The various-solution transfer pump F9 is 
rotated a predetermined number of times and a 
predetermined amount of preparatory rinsing fluid 
is injected into the first culture tube F14-2 and the 
second culture tube F14-3 and pressure-fitered. 
(6-4) When the aforementioned injection and pres- 
surized filtration of the preparatory rinsing fluid has 
been completed the device C6 for grasping and 
raising or lowering a variety of solution containers is 
rased and the various-solution suction needle F1 4- 
1 is withdrawn. The preparatory rinsing fluid con- 
tainer F1-2 is retrieved from the device C6 for 20 
grasping and raising or lowering a variety of solu- 
tion containers by the work manipulation robot (E) 
and stored in a predetermined location in the con- 
tainer case F1 via the container gasping position 
changing device D5. 25 

(7) (Injecting the solution) 

[0098] 

30 

(7-1) The solution container F1-4 is retrieved from 
the container case F1 by the work manipulation 
robot (E), the position at which the container is 
grasped is changed by the container grasping posi- 
tion changing device D5 and inverted by the device 35 
C2 for grasping and raising or lowering the solution 
container. 

(7-2) The device C2 for grasping and raising or low- 
ering the solution container is lowered and the solu- 
tion suction needle F8-1 is inserted into the cap 40 
portion of the solution container F1 -4. 
(7-3)The specimen container F1 -1 is retrieved from 
the container case F1 by the work manipulation 
robot (E), the position at which the container is 
grasped is changed by the container grasping posi- 45 
tion changing device D5 and the container posi- 
tioned at the device C3 for grasping and raising or 
lowering a specimen container. 
(7-4) The device C3 for grasping and raising or low- 
ering a specimen container is raised and the solu- so 
tion injection needle F8-2 is inserted into the cap 
portion of the specimen container F1 -1 . 
(7-5) The solution transfer pump F5 is rotated a pre- 
determined number of times and a predetermined 
amount of solution is injected into the specimen 55 
container F1-1. 



(8) (Vibrating to promote dissolution) 
[0099] 



(9) (Injecting the specimen solution) 
[0100] 

(9-1) After it has been vibrated for a predetermined 
period of time the specimen container F1-1 is 
retrieved by the work manipulation robot (E), 
inverted by the container grasping position chang- 
ing device D5 and positioned at the device C6 for 
grasping and raising or lowering a variety of solu- 
tion containers. (In the case of a fluid-injected spec- 
imen, the container is retrieved directly from the 
container case, inverted by the container grasping 
position changing device D5 and positioned at the 
device C6 for grasping and raising or lowering a 
variety of solution containers. 
(9-2) The device C6 for grasping and raising or low- 
ering a variety of solution containers is lowered and 
the various-solution suction needle F14-1 is 
inserted in the cap portion of the specimen con- 
tainer F1-1. 

(9-3) The various-solution transfer pump F9 is 
rotated a predetermined number of times and either 
the entire amount or a predetermined amount 
injected into the first culture tube F14-2 and the 
second culture tube F1 4-3 and pressure filtered. 
(9-4) After the specimen container has been 
injected with solution and pressure-tittered, the 
device C6 for grasping and raising or towering a 
variety of solution containers is raised, the various- 
solution suction needle F14-1 is withdrawn from the 
specimen container F1-1, the specimen container 
F1-1 is retrieved from the device C6 for grasping 
and raising or lowering a variety of solution contain- 
ers by the work manpulation robot (E) and stored in 
a predetermined position in the container case F1 
by the container grasping position changing device 
D5. 

(9-5) If , for example, there are 20 specimens, then 
steps (7) through (9) will be repeated 20 times. 



5 (8-1) After the solution has been injected th device 
C3 for grasping and raising or lowering a specimen 
container is lowered, the solution injection needle 
F8-2 is withdrawn from the specimen container F1 - 
1 , the specimen container F1 -1 is retrieved from the 
10 device C3 for grasping and raising or lowering a 
specimen container by the work manipulation robot 
(E), positioned at the solution promotion vtorating 
device D1 provided on the auxiliary work manipula- 
tion table (D) and vbrated for predetermined period 
75 of time. 



13 



25 



EP09134G5A1 



26 



(10) (Injecting the rinsing fluid) 
[0101] 

(10-1) After the specimen solution has been 
injected into the sterile test unit the rinsing fluid 
container F1-3 is retrieved from the container case 
F1 by the work manipulation robot, inverted, and 
positioned at the device C6 for grasping and raising 
or lowering a variety of solution containers by the 
container grasping position changing device con- 
tainer grasping position changing device D5. 
(10-2) The device C6 for grasping and raising or 
lowering a variety of solution containers is lowered 
and the various-solution suction needle F14-1 is 
inserted in the cap portion of the specimen con- 
tainer F1-1. 

(10-3) The various-solution transfer pump F9 is 
rotated a predetermined number of times and either 
the entire amount or a predetermined amount 
injected into the first culture tube F14-2 and the 
second culture tube F14-3 and pressure^filtered. 
(10-4) After the specimen container has been 
injected with solution and pressure-filtered, the 
device C6 for grasping and raising or lowering a 
variety of solution containers is raised, the various- 
solution suction needle F14-1 is removed, the rins- 
ing fluid container F1-3 is retrieved from the device 
C6 for grasping and raising or lowering a variety of 
solution containers by the work manipulation robot 
(E) and stored in a predetermined position in the 
container case F1 by the container grasping posi- 
tion changing device D5. 

(10-5) If there are two or more rinsing fluid contain- 
ers, the above operations are repeated as many 
times as necessary. 

(1 1) (Preparing to inject the culture medium) 
[0102] 

(11-1) After the specimen solution has been 
injected into the sterile test unit the device C1 1 for 
attaching and detaching caps on the bottoms of cul- 
ture tubes is moved laterally, the first discharge 
tube C1 1-8 and the second discharge tube C1 1-9 
are positioned at the bottom portion of the dis- 
charge port of the first culture tube F14-2 and the 
second culture tube F14-3, the device C11 for 
attaching and detaching caps on the bottoms of cul- 
ture tubes is moved laterally and the first culture 
tube cap F14-10 and the second culture tube cap 
F14-11 are attached. 

(11-2) The first culture tube cap F 14-10 and the 
second culture tube cap F14-11 are detached by 
the work manipulation robot and the first and sec- 
ond culture tube caps are temporarily placed at the 
first and second temporary placement positions D7 



and D8, respectively. 

(12) (injecting culture medium A) 
5 [0103] 

(12-1) A second device C9 for opening and closing 
a pinch valve is returned to its original position, 
closing a second pinch valve F12. 

w (12-2) Culture medium A container F1-5 is retrieved 
from the container case F1 by the work manipula- 
tion robot (E), inverted and positioned at the device 
C6 for grasping and raising or lowering a variety of 
solution containers by the container grasping posi- 

15 tion changing device D5. 

(12-3) The device C6 for grasping and raising or 
lowering a variety of solution containers is lowered 
and the various-solution suction needle F14-1 is 
inserted into the cap portion of the culture medium 

20 A container F1 -5. 

(12-4) The various-solution transfer pump F9 is 
rotated a predetermined number of times and either 
the entire amount or a predetermined amount of the 
culture medium A is injected into the first culture 

25 tube F14-2. 

(12-5) After the culture medium A has been 
injected, the device C6 for grasping and raising or 
lowering a variety of solution containers is raised, 
the various-solution suction needle F14-1 is 

30 removed, the culture medium A container F1-5 is 
retrieved from the device C6 for grasping and rais- 
ing or lowering a variety of solution containers by 
the work manpulation robot (E) and is stored in a 
predetermined position in the container case F1 by 

35 the container grasping position changing device 
D5. 

(13) (Injecting culture medium B) 



(13-1) A first device C8 for opening and closing a 
pinch valve is returned to its original position, clos- 
ing a first pinch valve F1 1 . 

45 (1 3-2) The second device C9 for opening and dos- 
ing a pinch valve is returned to its original position, 
opening a second pinch valve F12. 
(13-3) Culture medium B container F1-6 is retrieved 
from the container case F1 by the work manipula- 

50 tion robot (E), inverted and positioned at the device 
C6 for grasping and raising or lowering a variety of 
solution containers by the container grasping posi- 
tion changing device D5. 

(13-4) The device C6 for grasping and raising or 
55 lowering a variety of solution containers is lowered 
and the various-solution suction needle F14-1 is 
inserted into the cap portion of the culture medium 
B container F1-6. 



40 [0104] 
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(13-5) The various-solution transfer pump F9 is 
rotated a predetermined number of times and either 
the entire amount or a predetermined amount of the 
culture medium B is injected into the first culture 
tube F1 4-3. 

(13-6) After the culture medium B has been 
injected, the device C6 for grasping and raising or 
lowering a variety of solution containers is raised, 
the various-solution suction needle F14-1 is 
removed, the culture medium B container F1-6 is 
retrieved from the device C6 for grasping and rais- 
ing or lowering a variety of solution containers by 
the work manipulation robot (E) and is stored in a 
predetermined position in the container case F1 by 
the container grasping position changing device 
D5. 

(14) (Storing the work base) 
[0105] 

(14-1) A second device C9 for opening and closing 
a pinch valve is returned to its original position, 
closing the second pinch valve F12. 
(14-2) The first cap F14-8 for the culture tube upper 
portion exhaust port, which has been temporarily 
placed on the first temporary placement area for a 
culture tube upper portion cap D7, is attached to 
the exhaust port of the first culture tube F14-2 by 
the work manipulation robot (E). 
(14-3) The second cap F14-9 for the culture tube 
upper portion exhaust port, which has been tempo- 
rarily placed on the second temporary placement 
area for a culture tube upper portion cap D8, is 
attached to the exhaust port of the first culture tube 
F14-2 by the work manipulation robot (E). 
(14-4) The various-solution suction needle cap 
F14-7, which has been placed on the various-solu- 
tion suction needle cap temporary placement area 
D6, is retrieved by the work manipulation robot (E) 
and attached to the various-solution suction needle 
F14-1. 

(14-5) The various-solution transport pump rotating 
device C10 is lowered and detached from the vari- 
ous-solution transfer pump F9. 
(14-6) The solution transport pump rotating device 
C4 is lowered and detached from the solution trans- 
fer pump F5. 

(14-7) The automatic door G5 on the robot chamber 
(R) side of the stacker chamber (S) is opened. 
(14-8) The first work base position determining 
device C5 and the second work base position 
determining device C12 are returned to their origi- 
nal positions, the fixing of the work base (F) to the 
work manipulation table is released, the work base 
retrieval and storage device C1 is activated and the 
work base (F) is stored in the work stocker (B). 
(14-9) After the work base (F) is stored the auto- 



matic door G5 is dosed. 

(15) (Preparing the work base for retrieval) 
5 [0106] 

(15-1) The work stocker circulates 1 pitch. 

[0107] In the event that the target specimen consists 
io of, for example, 10 powder-filled vials, the steps 3 
(Retrieving the work base (F)) through 15 (Preparing 
the work base for retrieval) are repeated 10 times. 

Example II: The specimen container to be tested Fi- 
rs 1 is a fluid-f Sled vial. 

0)108] Operation of the apparatus in the event that the 
specimen container to be tested F1 -1 is a fluid-filled vial 
is for example in accordance with the procedure shewn 
20 in Fig. 41. 

[01 09] That is, the procedure is the same as that for a 
powder-filed vial from steps (1) through (6); steps (7) 
and (8) are unnecessary and are skipped, with the pro- 
cedure resuming from step (9) and finishing at step (1 5). 

25 

Example III: The specimen container to be tested 
F1-1 is a fluid-f Died ampule. 

[01 1 0] Operation of the apparatus in the event that the 
30 specimen container to be tested F1-1 is a fluid-filled 
ampule is for example in accordance with the procedure 
shown in Fig. 42. 

[01 1 1] That is, as mentioned previously, an auxiliary 
ampule injection container F15 is provided and previ- 

35 ously positioned at an empty space in the container 
case F1 at the start of step 1 (Preparatory operations). 
Thereafter the procedure is the same as that for a pow- 
der-filled vial from steps (1) through (6); steps (7) and 
(8) are unnecessary and are skipped and step (9) is 

40 replaced by the following steps (16) and (17), with the 
procedure continuing from step (10). 

(16) (Preparing to inject the specimen solution) 
45 [0112] 

(1 6-1 ) The upper cap F1 5-3 of the auxiliary ampule 
injection container F15 positioned at the container 
case F1 is removed by the work manipulation robot 

so (E) and temporarily placed on the temporary place- 
ment area for an auxiliary ampule injection con- 
tainer upper portion cap D9. (The cap may also be 
placed in the collection box F1-7 if there is room in 
the collection box F1-7.) 

55 (16-2) The auxiliary ampule injection container 
main body F15-1 (auxiliary ampule injection con- 
tainer lower portion cap F15-2) is removed from the 
container case F1 by the work manipulation robot 
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(E) and positioned at th device C6 for grasping 
and raising or lowering a variety of solution contain- 
ers. 

(16-3) The device C6 for grasping and raising or 
lowering a variety of solution containers is lowered 
and the various-solution suction needle F14-1 is 
inserted in the auxiliary ampule injection container 
lower portion cap F15-2 of the auxiliary ampule 
injection container F15. 

(16-4) The collection box F1-7 is retrieved from the 
container case F1 by the work manipulation robot 
(E) and positioned at a predetermined location at 
the ampule opening device D3. 

(17) (Injecting the specimen solution) 

[0113] 

(17-1) The specimen container F1-1 is retrieved 
from the container case F1 by the work manipula- 
tion robot (E), the position at which it is grasped is 
changed by the container grasping position chang- 
ing device D5 and the neck portion of the ampule is 
broken off using the ampule opening device D3. 
(The broken-off neck portion of the specimen con- 
tainer F1-1 drops naturally into the collection box 
F1-7.) 

(17-2) The opened specimen container F1-1 is 
inverted by the auxiliary ampule injection container 
F15 positioned at the device C6 for grasping and 
raising or lowering a variety of solution containers. 
(At this time the opened specimen container F1 -1 is 
held in place by the work manipulation robot (E).) 
(17-3) The various-solution transfer pump F9 is 
rotated a predetermined number of times and either 
the entire amount or a predetermined amount of the 
specimen solution is injected into the first culture 
tube F14-2 and the second culture tube F14-3 and 
pressure-filtered. 

(17-4) After the specimen solution has been 
injected and pressure-filtered, the specimen con- 
tainer F1-1 is retrieved from the auxiliary ampule 
injection container F15 and placed in the collection 
boxF1-7. 

(17-5) If, for example, there are 20 specimens, then 
steps (17-1) through (17-4) will be repeated a total 
of 20 times. 

(17-6) After a predetermined number of specimen 
solutions have been injected and pressure-filtered, 
the device C6 for grasping and raising or lowering a 
variety of solution containers is raised and the aux- 
iliary ampule injection container F15 is retrieved 
and stored in the container case F1 . 

[0114] After the injection of the specimen solution of 
the fluid-filled ampules in step (17), steps (10) through 
(15) in the aforementioned case of the specimen being 
a powder-filled vial are then carried out 



[0115] In the event that the following specimens are 
fluid-filled ampules and that there are 10 such samples, 
then steps (3) (Retrieving the work base (F)) through 
(1 5) (Preparing the work base for retrieval) are repeated 
5 10 times. 

Example IV: The specimen container to be tested 
F1-1 is a powder-fDIed ampule. 

10 [0116] Operation of the apparatus in the event that the 
specimen container to be tested F1-1 is a powder-filled 
ampule is for example in accordance with the procedure 
shown in Fig. 43. 

[0117] That is, the procedure is the same as that for a 
75 powder-filed vial from steps (1) through (6), with the 
procedure continuing from step (16) and continuing with 
the following steps (18) and (19). 



(1 8) (Injecting the solution) 

20 

[0118] 

(18-1) The solution container F1-4 is retrieved from 
the container case F1 by the work manipulation 
26 robot (E), the position at which it is grasped is 
changed by the container grasping position chang- 
ing device D5, inverted and positioned at the device 
C2 for grasping and raising or lowering the solution 
container. 

30 (1 8-2) the device C2 for grasping and raising or low- 
ering the solution container is lowered and the solu- 
tion suction needle F8-1 inserted in the solution 
container F1-4. 

(18-3) The specimen container F1-1 is retrieved 
35 from the container case F1 by the work manipula- 
tion robot (E), the position at which it is grasped is 
changed by the container grasping position chang- 
ing device D5 and the neck portion of the ampule is 
broken off using the ampule opening device D3. 
40 (18-4) The opened specimen container F1-1 is 
positioned at the device C3 for grasping and raising 
or lowering a specimen container. 
(18-5) The device C3 for grasping and raising or 
lowering a specimen container is raised and the 
45 solution injection needle F8-2 is inserted into the 
opening of the specimen container specimen con- 
tainer F1-1. 

(18-6) The solution transfer pump F5 is rotated a 
predetermined number of times and a predeter- 
so mined amount of solution is injected into the speci- 
men container F1-1. 

(19) (Vibrating to promote dissolution) 

55 [0119] 

(19-1) After the solution has been injected the 
device C3 for grasping and raising or lowering a 
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specimen container is lowered, the grip on the 
specimen container F1 -1 is released, the specimen 
container F1-1 is retrieved from the device C3 for 
grasping and raising or lowering a specimen con- 
tainer by the work manipulation robot (E), posi- 
tioned at the solution promotion vtorating device D1 
provided on the auxiliary work manipulation table 
(D) and vibrated for a predetermined period of time. 

(20)(lnjecting the specimen solution) 

[0120] 

(20-1) After it has been vibrated for a predeter- 
mined period of time the specimen container F1-1 
is retrieved from the solution promotion vbrating 
device D1 by the work manipulation robot (E), 
inverted and positioned at the auxiliary ampule 
injection container F15 provided on the device C6 
for grasping and raising or lowering a variety of 
solution containers. (The container is held in place 
by the work manipulation robot (E)). 
(20-2) The various-solution transfer pump F9 is 
rotated a predetermined number of times and either 
the entire amount or a predetermined amount of the 
specimen solution is injected into the first culture 
tube F14-2 and the second culture tube F14-3 and 
pressure filtered. 

(20-3) After the specimen solution has been 
injected and pressure-filtered, the specimen con- 
tainer F1-1 is retrieved from the auxiliary ampule 
injection container F15 and placed in the collection 
boxF1-7. 

(20-4) tf, for example, there are 20 specimens, then 
steps (18-3) through (20-3) will be repeated 20 
times. 

(20-5) After a predetermined number of specimen 
solutions have been injected and pressure-fitered, 
the device C6 for grasping and raising or lowering a 
variety of solution containers is raised and the aux- 
iliary ampule injection container F15 is detached 
and stored in a predetermined position in the con- 
tainer case F1 . 

[01 21 ] After the above steps are completed the proce- 
dure is the same as that for a powder-filled vial, with 
steps (10) through (15) being carried out 
[0122] In the event that the following specimens are 
powdetf illed vials and that there are 10 such samples, 
then steps (3) (Retrieving the work base (F)) through 
(1 5) (Preparing the work base for retrieval) are repeated 
10 times. 

Example V: Trie specimen container to be tested F1 - 
1 is a powder-filled ampule. 

[0123] In this case, as per the above the fixed con- 
tainer for indeterminate-shape containers F16 is used. 



The procedure is virtually the same as that for Example 
II, where the specimen container F1 -1 is a fluid-filled vial 
(Fig. 41), so a description thereof will be omitted. (In the 
event that the specimen container F1 -1 is a transfusion 
5 solution bag there are times when steps (6) and (1 0) will 
be omitted.) 

Example VI: Trie specimen container to be tested 
F1-1 is a powder-fflled ampule. 

w 

[0124] In this case, the procedure is as described in 
Fig. 44. That is, the indeterminate-shaped container 
injection tube unit F17 is previously positioned at the 
solution injection pump unit F2, the fixed container for 
75 indeterminate-shape containers F16 with a built-in 
specimen container F1 -1 is positioned at the device C2 
for grasping and raising or lowering the solution con- 
tainer in place of the solution container F1-4, an empty 
vial container is positioned at the device C3 for grasping 
20 and raising or lowering a specimen container, the same 
procedure as that in step (7) of injecting the solution is 
carried out, and the solution in the specimen container 
F1 -1 is injected all at once into the vial container. There- 
after the container is positioned at the device C6 for 
25 grasping and raising or lowering a variety of solution 
containers and steps (9) and thereafter are carried out. 
In this case, too, there are times when steps (6) and (1 0) 
are omitted. 

30 Example VII: The specimen container to be tested 
F1-1 is a powder-filled vial with a small amount of 
fluid. 

[0125] In this case, the procedure is as per the flow 
35 chart shown in Fig. 40. However, once steps (7), (8) and 
(9) have been carried out using the specimen container 
F1-1, step (8) is thereafter omitted while steps (7) and 
(9) are repeated as often as necessary, with the proce- 
dure resuming with step (10). With this procedure virtu- 
40 ally the entire solution contents of the specimen 
container F1 -1 can be sent to the culture tubes. 

Example VIII: The specimen container to be tested 
F1-1 is a fluid-f Bled vial with a small amount of fluid. 

45 

[0126] In this case, the procedure is as per the flow 
chart shown in Fig. 41 . However, after step (9) has been 
carried out once using the specimen container F1-1 , the 
rinsing fluid container F1-3 is positioned at the device 
so C2 for grasping and raising or lowering the solution con- 
tainer, the specimen container F1-1 is positioned at the 
device C3 for grasping and raising or lowering a speci- 
men container so as to carry out a rinsing fluid injection 
step similar to the solution injection of step (7) and step 
55 (9) is performed once again. After the rinsing fluid has 
been injected and step (9) has been carried out the 
required number of times, the procedure resumes with 
step (10). As with the procedure of Example VII, with 
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this procedure, too, virtually the entire solution contents 
of the specimen container F1-1 can be sent to the cul- 
ture tubes. 

Example IX: The specimen container to be tested 
F1-1 is a fluid-filled ampule with a small amount of 
fluid. 

[0127] In this case, the procedure is as per the flow 
chart shown in Fig. 42. However, after step (17) has 
been carried out once using the specimen container F1 - 
1, the rinsing fluid container F1-3 is positioned at the 
device C2 tor grasping and raising or lowering the solu- 
tion container, the specimen container F1-1 is posi- 
tioned at the device C6 for grasping and raising or 
lowering a variety of solution containers so as to carry 
out a rinsing fluid injection step similar to the solution 
injection of step (7) and step (17) is performed once 
again. After steps (21) and (17) have been carried out 
the required number of times, the procedure resumes 
with step (10). As with the procedure of Example VII, 
with this procedure, too, virtually the entire solution con- 
tents of the specimen container F1 -1 can be sent to the 
culture tubes. 

Example X: The specimen container to be tested F1 - 
1 is a powder-filled ampule with a small amount of 
fluid. 

[0128] In this case, the procedure is as per the flow 
chart shown in Fig. 43. However, after steps (18), (19) 
and (20) have been carried out once using the speci- 
men container F1-1, step (19) is thereafter omitted and 
steps (18) and (20) are repeated as many times as nec- 
essary, after which the procedure resumes with step 
(10). As with the procedure of Example VII, with this 
procedure, too, virtually the entire solution contents of 
the specimen container F1-1 can be sent to the culture 
tubes. 

Example XI: Separate method where the amount of 
fluid is small. 

[0129] In the event that the amount of fluid is small, 
such as in examples VII through X, where the shape of 
the specimen container F1-1 is that of a vial the con- 
tainer is positioned as is at the device C2 for grasping 
and raising or lowering the solution container. Where 
the shape of the specimen container F1-1 is that of an 
ampule the container is positioned at the auxiliary 
ampule injection container F15, a large empty vial is 
positioned at the device C3 for grasping and raising or 
lowering a specimen container, the entire contents of 
the ampule are moved to the vial and, further, a solution 
or a rinsing fluid is injected into the vial. After the volume 
of the specimen has been increased the test procedure 
can be resumed with steps (9) through (15). 



Example XII: When using the suction method. 

[01 30] The injection of various types of solutions into 
the funnel unit F18 (not shown in the diagrams) is car- 

5 ried out using the solution injection pump unit F2. 
Therefore the location at which the funnel unit F18 is 
positioned becomes that of the device C3 for grasping 
and raising or lowering a specimen container and the 
pump unit F3 for injecting a variety of solutions is not 

w used. Virtually the same procedures as those used in 
examples I through X are carried out for both vials and 
ampules simply by changing the aforementioned oper- 
ating position. 

is Example XIII: When using the direct method. 

[0131] In the direct method no filter is used, so the 
injection of various types of solutions is done entirely by 
separating the solutions into portions. Where the 

20 number or amount of the specimens is large the solution 
injection pump unit F2 is used. In this case, the proce- 
dure is carried out in the steps shown in Fig. 45. In the 
example shown in this diagram, the various containers 
are each specified separately. As the number of con- 

25 tamers increases the number of times the steps need to 
be repeated increases by the same number. It should 
be noted that the operation of stopping and unstopping 
the containers is carried out using the container grasp- 
ing position changing device D5, though that step is 

30 omitted from the flow chart 

[0132] In case the number or amount of the speci- 
mens is small the work of separating the specimens into 
portions is earned out using a cylinder instead of the 
solution injection pump unit F2. When carrying out this 

35 operation an additional auxiliary container grasping 
device having the same specifications as the container 
grasping position changing device D5 is needed as an 
auxiliary work manipulation device. 
BM 33] A description will new be given of an example 

40 of an operating procedure in the event that the contain- 
ers into which the specimens have been divided consist 
of test tubes. As shown in Fig. 46, the container case 
F1, and a first test tube stand F19-1 and a second test 
tube stand F19-2 into which the test tubes (not shewn in 

45 the cfiagram) are stored, are placed atop the work pal- 
ette F4. The specimen solution within the container 
case F1 is retrieved by the robot hand E1 and a prede- 
termined amount of the specimen solution is injected 
into the test tube(s). In the event that the test tubes are 

so positioned adjacent to one another inside the first and 
second test tube stands F1 9-1 and F1 9-2 and cannot be 
removed by the robot hand E1, the test tube stand F19 
in which the test tubes are stored is removed from atop 
the work palette F4 by the robot hand E1 and placed on 

55 the auxiliary work table D4 as per the condition shown 
as F19-A in Fig. 47. At this time, the test tube stand is 
positioned so that a test tube push-up device D22 (not 
shown in the diagram) provided on the auxiliary work 
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table D4 is located directly beneath a first test tuba 
When the test tube push-up device D22 is activated the 
first test tube is pushed up above the surrounding test 
tubes in such a way that the surrounding test tubes do 
not pose an obstacle even if the test tubes are posi- 5 
tioned adjacent to each other, thus enabling the robot 
hand E1 to easily grasp the subject test tuba Once the 
necessary operations involving the first test tube are 
completed the test tube stand F19 is moved one pitch to 
the left by the robot hand E1 in such a way that a second 10 
test tube is positioned cfrectly above the test tube push- 
up device D22. The test tube stand is moved in succes- 
sive stages from the condition of F19-A to the condition 
of F19-B, in which test tube no. 8 is positioned directly 
above the test tube push-up device D22, to a condition 75 
of F19-C, in which test tube no. 9 is positioned directly 
above the test tube push-up device D22, to a condition 
of F19-D, in which test tube no. 16 is positioned directly 
above the test tube push-up device D22, to a condition 
of F19-E, in which test tube na 17 is positioned directly 20 
above the test tube push-up device D22, to a condition 
of F19-F. in which test tube no. 24 is positioned directly 
above the test tube push-up device 022, at which point 
the operation is completed and the test tube stand F19 
is returned to its original position (stored in the work pal- 2s 
ette F4). 

[0134] An explanation will now be given of several 
examples of making samples for microorganism limit 
testing. 

30 

Example XIV: Making samples according to the 
membrane filter attachment method. 

[0135] The procedure is virtually the same as the 
direct method of making cultured bacteria solution 35 
(Example XIII), in which the solution is divided and 
diluted in a container containing a diluent and filtered 
according to the suction filtration method using the pre- 
viously mentioned funnel unit F18. after which it is fil- 
tered as necessary, rinsed, moved to a station (not 40 
shown in the diagram) at which the funnel section of the 
funnel unit F18 is removed and the funnel section 
removed (disassembled). A filter suction jig unit F20 for 
retrieving the sample filter belonging to the funnel unit 
F18 and attaching it to the surface of the agar culture 45 
medium has been previously stored in the container 
case F1 as a necessary piece of equipment. The filter 
suction jig unit F20 is shown in Fig. 48. The filter suction 
jig unit F20 comprises a suction jig main unit F20-1 hav- 
ing a cylindrical adsorption plate F20-6; an exhaust port so 
cap F20-2; an exhaust port F20-3; and a suction port 
storage case F20-4. The sample filter is detached using 
the suction jig main unit F20-1 and attached to the sur- 
face of the agar culture medium of the agar culture 
medium container from which the lid has previously ss 
been removed using the robot hand E1, to provide the 
agar culture medium container with a lid. The storing of 
each piece of equipment that is no longer needed in a 



predetermined location in the container case F1 is the 
same as that of th automatic sterile testing apparatus. 
[01 36] Fig. 49 is an example of an arrangement of the 
container case according to the membrane filter attach- 
ment method, in an example in which the specimens 
are beer bottles. In this diagram, items 1 -4 are the spec- 
imen containers F1 -1 (the beer bottles), 5-8 are the fun- 
nel unit F18, 9-12 are the culture medium containers 
(agar culture medium), 13 is the crown opening and 
closing jig, 14 is the filter suction jig unit F20, 15 is the 
collection box and 16 is the spare space. 

Example XV: Making samples accenting to the agar 
pour-plate method. 

[0137] The procedure is virtually the same as the 
direct method of making cultured bacteria solution 
(Example XIII), in which the solution is divided and 
diluted in a container containing a diluent and placed in 
a petri dish using a cylinder, the agar culture medium 
added, the petri dish covered with a lid and positioned at 
the solution promotion vibrating device D1, the culture 
medium and the diluted cultured bacteria solution mixed 
and the petri dish returned to a predetermined location 
in the container case F1 after predetermined operations 
have been completed. 

Example XVI: Making samples for other microor- 
ganism limit testing. 

[01 38] Procedures for other test methods such as the 
agar culture medium surface smear-plate method, the 
designated microorganism test or the effective retention 
test, are either virtually the same as the (Example XIII), 
the membrane filter attachment method (Example XIV) 
or the agar pour-plate method (Example XIV) or require 
a partial recombination of the procedures described up 
to now, and description thereof will be omitted. 

Example XVII: Making samples for indissoluble par- 
ticulate measurement testing. 

[0139] An example of the apparatus in the case of 
indissoluble particulate measurement testing is shewn 
in Fig. 50, with examples of container case arrange- 
ments shown in Fig. 51, Fig. 52 and Fig. 53 and an 
example of a procedural flow chart shown in Fig. 54. 
The numbers outside and to the right of the boxes are 
the step numbers of the present apparatus. As with the 
aforementioned Example XIII, the steps of stopping and 
unstopping are omitted. In Figs. 51 , 52 and 53, the item 
numbers 1-5 represent specimen containers F1-1, 
number 6-10 represent empty containers. 11-15 repre- 
sent the funnel unit 18 and 16 is the particulate sam- 
pling petri dish. Fig. 51 is an example of the 
arrangement of a blank test. Fig. 52 is an example 
where there are many specimen containers F1-1 and 
Fig. 52 is an example where ther are few specimen 
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containers F1 -1 . The example shown in Fig. S3 shows a 
large number of sample containers being used at once. 
In Fig. 50. D12 is the solution injection and filtration unit 
D13 is the container rinsing and drying unit D14 is the 
injection counter, D15 is the vibrator, D16 is the sample 5 
fitter dryer, D1 7 is the solution counter main unit D1 8 is 
the suction unit for the dryer, D19 is the solution injec- 
tion unit, D20 is the rinse-water pressure unit and D21 is 
the fitter suction unit. 

Example XVIII: Using the apparatus as a divided- 
portion injection solution test unit (such as for 
chemical analyses) and as a chemical reaction test 
unit. 

[0140] Examples of operations I through XVII are 
themselves procedures involving the separation of solu- 
tions into portions for chemical reaction testing, so an 
explanation thereof is unnecessary and is omitted. 

Example XVI: When the specimen container F1-1 
changes with each lot 

[0141] A set of equipment needed to make the sample 
is positioned at a predetermined location on the work 
base, the program needed for the operation is called up, 
and the procedure can be changed with each sample 
unit in accordance with the order. For this reason, the 
apparatus can without difficulty accommodate changes 
in the specimen, the type of container or the test order 
with each sample. 

[0142] As is clear from the foregoing explanation, the 
types of containers which can be used with the forego- 
ing automatic sterile testing apparatus is not limited to 
vials and ampules but can also include plastic bags, 
plastic bottles, eye-dropper bottles, transfusion bag 
syringes, test tubes, freshets, paper bags, spray cans, 
ordinary bottles and cans and other types of shapes. 
This means not only that sterile testing according to the 
membrane fitter pressure method, the membrane fitter 
suction method, the direct method, etc. can be con- 
ducted without human contamination of the environ- 
ment and without contamination occurring in the interval 
between the exchange of lots; it also means that the 
apparatus can similarly accommodate the agar culture 
medium pour-plate method, the agar culture medium 
smear-plate method and other microorganism limit test- 
ing as well as indissoluble particulate testing and even 
chemical analysis and chemical reaction testing. 
[0143] As explained above, except for the initial pre- 
paratory work, once the specimens have been posi- 
tioned the automatic sterile testing apparatus according 
to the aforementioned embodiment makes it possWe to 
carry out sterile testing without the intervention of 
human hands right up to the time the culture medium is 
placed in the culture tubes and moreover does so auto- 
matically even though the type of specimen changes; in 
addition, by providing automated equipment comprising 



a work base and a robot inside the clean booth it is pos- 
sible to carry out dependably accurate automated oper- 
ation of the apparatus in which recontamination by 
humans can be eliminated at a high level, thus eliminat- 
ing as follows the problems described in the conven- 
tional-art section. 

1) The present apparatus equips the main unit with 
a clean booth capability as necessary and moreo- 
ver provides the apparatus itself with a rinsing and 
sterilization capability that is as free from fear of 
recont amin ation by human hands as possible and 
which thus provides a higher grade of test result 
validation. 

2) The present apparatus employs a system of 
changing the needle used to inject the solution with 
every sample, eliminating the fear of contaminating 
the samples with the injection needle. 

3) Changes in specimen type, amount or operating 
procedure can be flexibly accommodated simply by 
changing the program settings, thereby reducing 
manual labor involved (the work of preparing the 
apparatus) to that of simply replacing the container 
case, solution injection tube unit and sterile test 
unit; moreover, the work of preparing the apparatus 
by hand can be done in the same location, thus 
greatly simplifying the manual labor involved. 

3) By placing the specimen container case, the 
solution injection pump unit and the various-solu- 
tion injection pump unit all on the same base and by 
using a vertical-type stock device, the present 
apparatus makes it possible to provide an 
extremely compact apparatus that does not require 
a stock base even when the number of samples 
increases. 

4) The apparatus is configured so as to allow con- 
tainers holding specimens requiring long periods of 
time to dissolve in the solution to be removed from 
the operating line after they have been positioned at 
the vfcrating device in order to permit other proce- 
dures to be carried out in the meantime, thus 
greatly improving per-time-unit processing ability. 

5) Identical procedures can be repeated in between 
other steps without additional equipment simply by 
changing the program. 

6) Virtually every type of specimen container can 
be accommodated simply by replacing the required 
equipment inside the container case, making it pos- 
sible to utilize the apparatus not only as an auto- 
matic sterile testing apparatus but also for other 
applications as well. 

[0144] As a result of the foregoing, with the automatic 
sterile testing apparatus according to the aforemen- 
tioned embodiment the following advantages can be 
obtained: 

[01 45] Equipped with a self -disinfecting capability the 
apparatus operates without the intervention of human 
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hands, thus eliminating the possfeility of human error 
and the fear of contamination of the operating environ- 
ment. Moreover, th apparatus changes the equipment 
required with each change in the sample lot, thus elimi- 
nating the problem of inter-lot contamination and greatly 5 
improving testing accuracy. 

[0146] The present equipment can be located outside 
a clean room, so that an expensive clean room is not 
necessary. For this reason there is no work to be per- 
formed inside a clean room and the operator is freed 
from the requirement of having to perform under special 
operating conditions. 

[0147] Except for the work of preparing the apparatus 
(attaching and detaching the work) all operations are 
entirely automated, so great energy savings can of 
course be expected at the same time as the burden of 
educating, training and managing operators can be 
greatly reduced. 

[0148] The use of a multi-jointed robot makes it possi- 
ble for one unit to flextoly accommodate the shape, size 
and number of virtually every type of manufactured 
(vials, ampules, eye-droppers, transfusion solution 
bags, etc.) as well as non-manufactured container. 
[0149] Trie use of a vertical stock device and the use 
of the same location for the preparatory work stock as 
well as the post-testing work stock makes it possible to 
process 10 lots in one quarter to one fifth the space 
required of conventional equipment. 
[0150] In addition, the processing capacity of the 
present apparatus can easily be doubled by providing a 
detachabiy attached work table (A), a work stock portion 
(B) and a work manipulation table (C) on the right side 
of the auxiliary work manipulation table (D) and a work 
manipulation robot (E) as shown in Fig. 38 and Fig. 39. 
[01 51 ] In addition, the aforementioned automatic ster- 
ile testing apparatus has room for the following further 
improvements. 

1) Trie apparatus makes use of the existing clean 
room sterile technology as is, so there is room for 
further improving the safety as well as the degree of 
cleanliness. 

2) Even after the pinch valve of the sterile test unit 
has been opened after a long period of time has 
elapsed the tube remains in a stuck position. 

3) ft is necessary to control the level of the fluid in 
the culture tube while rinsing. 

4) The method of positioning the ampule is not per- 
fect 

5) Using the existing injection and suction needles 
for small-mouth containers is difficult 

[0152] A description will now be given of a second 
embodiment of an automatic sterile testing apparatus 
designed to improve on the foregoing points. 
[01 53] In Fig. 55. which depicts the overall structure of 
the apparatus, the work stacker (B), as shown in Fig. 55 
(front view of a stacker chamber), is entirely enclosed by 



a first covering G1 (not shown in the cfiagram) to form a 
sealed structure (hereinafter referred to as the stacker 
chamber ($)). A portion of the clean air is supplied from 
the second filter unit (G8) of the robot chamber to be 
discussed later via a dumper device G12 and an 
exhaust port G3 becomes the exhaust The inside of the 
stacker chamber (S) thus comes to have a clean booth 
function. 

[0154] A disinfectant spray device G6 (not shown in 
the diagram) having a spray nozzle G6-1 is provided on 
the inside of the stacker chamber (S), in such a way that 
the interior of the stacker chamber (S) including the 
work base (F) can be cfisinfected. 
[0155] In addition, as shown in Fig. 55 (front view of a 
robot chamber), the periphery of the location at which 
the work manipulation table (C), the auxiliary work 
manipulation table (D) and the work manipulation robot 
(E) are positioned is entirely enclosed by a second cov- 
ering G7to form a sealed structure (hereinafter referred 
to as the robot chamber (R)). A second fitter unit G8 is 
attached to the upper portion , an exhaust port G9 is pro- 
vided on a lower portion side surface and a conserva- 
tion door G10 is provided on the front 
[01 56] When processing ampules with the aforemen- 
tioned automatic sterile testing apparatus (of the first 
embocfi merit) -- that is, when using auxiliary containers 
with the top portion open and with rubber stoppers 
attached to the bottom portion - there are times when 
leaks occur during handling due to the shape of the 
ampule container as well as the amount of fluid con- 
tained therein. Moreover, during handling the robot 
hand E1 is positioned directly above the auxiliary con- 
tainer, which is undesirable when viewed in terms of test 
accuracy and reliability. This problem is solved by the 
following method: 

[0157] Fig. 56 shows a condition in which the speci- 
men container is grasped and supported by the robot 
hand E1 , the neck portion is broken, the solution injec- 
tion needle F8-2 is inserted into the opening of the 
opened specimen container (ampule) F1-1, the enrpty 
vial container F1-9 (which can be an empty container 
once used for the preparatory rinsing fluid) is positioned 
at the grasping hook C3-4 of the device C2 for grasping 
and raising or lowering the solution container, the solu- 
tion suction needle F8-1 is inserted into the vial con- 
tainer F1-9, the solution transfer pump F5 is rotated in 
reverse and the specimen fluid is sucked up and dis- 
charged into the vial container F1-9. At this time the 
solution injection needle F8-2 and the solution suction 
needle F8-1 perform functions directly contrary to their 
names 

[0158] In the condition shown in Fig. 57, specimen 
fluid stays in the solution suction needle F8-1 of the 
solution injection tube unit F8. the solution injection nee- 
dle F8-2 and the connecting tube F8-3, so the vial con- 
tainer F1-9 is positioned at the device C3 for grasping 
and raising r lowering a specimen container and a 
flushing fluid F1-2 is positioned at the grasping hook 
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C3-4 of the device C2 for grasping and raising or lower- 
ing the solution container and the soiuti n transfer 
pump F5 rotated property to flush the remaining fluid 
into the vial container F1-9 (the condition shewn in Fig. 
58 and Rg. 59). Th flushing fluid is placed in the vial 5 
container F1-9 and its volume increased in order to 
improve the accuracy with which the sample is appor- 
tioned during filtering. 

[0159] As shown in Rg. 60. the aforementioned solu- 
tion suction needle F8-1 and solution injection needle 10 
F8-2 each comprise two separate needles, so that the 
smallest diameter that permits needle insertion is H2-1. 
The container and the needles win be out of alignment 
with each other if the edge portion of the container is 
placed by the robot hand E1 in the space between the is 
two needles H1-1; such misalignment can be a source 
of trouble. 

[0160] As shown in Rg. 61. however, the present 
invention places the two needles into contact with each 
other along the length of their long sides, so that the tip 20 
portions of both needles Eire aligned along the line of 
contact and the line H2-1 of Rg. 60 becomes the line 
H2-2 of Rg. 61. with the line H1-1 = 0. Provided the tip 
of the needle is within the inner diameter of the portion 
of the container into which the needle is to be inserted, 25 
the slanted section of the needle will function as a guide 
for the needle and will automatically center the needle. 
[01 61 ] When transferring the rinsing fluid to the sterile 
test unit F14 for rinsing, it is necessary to maintain the 
fluid level of the first culture tube F14-2 and the second 30 
culture tube F1 4-3 of the sterile test unit F1 4 at the opti- 
mum condition for those specimens; the method for 
doing so will now be explained. As shown in Rg. 62, 
before beginning the rinsing the first cylinder D13-1 and 
the second cylinder D14-1 are activated to raise and 35 
open a first exhaust port weight D13-2 and a second 
exhaust port weight D14-2 closing the first upper 
exhaust port F1 4-1 2 and the second upper exhaust port 
F14-13, respectively. When rinsing fluid is injected up to 
a predetermined position in this open condition (the 40 
condition shown in Rg. 63), the first exhaust port weight 
D13-2 and the second exhaust port weight D14-2 are 
lowered to close the first upper exhaust port F1 4-1 2 and 
the second upper exhaust port F14-13 as shown in Rg. 
64. In this manner the level of fluid can be maintained at 45 
optimum concfitions for those specimens while rinsing. 
[0162] The stocker chamber is built so that it can be 
sprayed with disinfectant, which disinfectant it was orig- 
inally thought would comprise hibrtane, formalin, hydro- 
gen peroxide gas, ozone or alcohol, etc. Under actual so 
test conditions, however, the following problems arose: 
Hibrtane leaves a post-volatilization residue which pro- 
gressively accumulates, ft takes time to flush out forma- 
lin residue, requiring spraying and fumigating each and 
every set which cannot be done. Hydrogen peroxide ss 
gas and ozone would require separate generation and 
dissolution devices. Before opening the door to the 
robot chamber the atmosphere of the stocker chamber 



must be returned to its original state, but formalin, 
hydrogen peroxide gas and ozone cannot be removed 
in a short period of time. Alcohol is comparatively easy 
to handle in terms of equipment but spraying it raises 
the danger of an explosion and hence it cannot be used 
for reasons of safety. After considering and testing a 
variety of disinfectants all of the foregoing problems 
were solved by the use of a strong-acid electrolytic solu- 
tion. 

[0163] Like the stocker chamber, the robot chamber, 
too. is built so that it can be sprayed with disinfectant, 
but as with the stocker chamber hfcrtane. formalin, 
hydrogen peroxide gas. ozone and alcohol cannot be 
used. However, the use of a strong-acid electrolytic 
solution as with the stocker chamber requires that the 
instruments positioned in the robot chamber be resist- 
ant to corrosion, which is difficult to do at the present 
level of technology and difficult to justify in terms of cost- 
effectiveness. This problem is solved, however, by 
including a UV- and ozone-generating device G13 
inside the robot chamber (R) as shown in Rg. 55 and 
activating the UV- and ozone-generating device Q13 
whenever the present apparatus is not in use so as to 
sterilize the interior of the robot chamber (R). 
[0164] As is clear from the foregoing explanation, an 
automatic sterile testing apparatus according to a sec- 
ond embedment of the present invention like that 
described above improves test accuracy and is more 
readily used with a wider array of possible specimen 
containers, and provides the following further improve- 
ments. 

1) A system of spraying a strong-acid electrolytic 
solution as a disinfectant has been adopted as the 
method for sterilizing the stocker chamber, thereby 
greatly simplifying the test environment sterilization 
equipment and eliminating all safety concerns. 

2) The culture tube exhaust ports can be opened 
and closed either individually or all at once, making 
it possible to inject only the desired amount of fluid 
whether or not the tube is stuck. 

3) Particularly when rinsing, the height of the level 
of the fluid inside the culture tubes greatly influ- 
ences the effectiveness of the rinse; by controlling 
the opening and closing of the exhaust ports of the 
culture tubes, however, the specimens can be 
tested under optimum fluid level conditions. 

4) When fa ling the ampules some of these do not 
set properly; however, all the specimen fluid 
remaining inside the tube unit can be collected sim- 
ply by using the same station and running the pump 
in reverse. 

5) With the automatic sterile testing apparatus 
according to the first embodiment the structure of 
the solution needle could only accommodate inte- 
rior diameters of approximately 10 mm or less; with 
the apparatus of the second embodiment, however, 
the aforementioned needle structure can also freely 
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accommodate containers having even smaller- 
diameter mouths, thus not only greatly broadening 
the range of application of the apparatus but also 
greatly improving the accuracy of the equipment 

[0165] Hie present invention is not Gmfted to the spe- 
cifically disclosed embodiments, and variations may be 
made without departing from the scope of the present 
invention. 

Claims 

1. An automatic testing apparatus such that the spec- 
imen to be tested can be changed on a work base- 
unit basis, comprising: 

a work base mounting the test specimen as 
well as equipment required for the testing of the 
specimen; 

a robot device for grasping and moving accord- 
ing to a previously determined procedure said 
test specimen and equipment mounted on said 
work base set at a predetermined testing posi- 
tion for performing predetermined tests on a 
test specimen mounted on the work base; 
and a work base providing mechanism for pro- 
viding the work base to the testing position. 

2. The automatic testing apparatus as claimed in 
claim 1 , having a work manipulation table mounting 
the work base provided by the work base providing 
mechanism positioned at the testing position, said 
work manipulation table comprising: 

a raising and lowering means for raising and 
lowering a pin; and 

a position determining means for determining 
the position of the work base positioned by the 
pin raised by said raising and lowering means. 

3. The automatic testing apparatus as claimed in 
claim 1 , wherein the robot device comprises: 

a container grasping, raising and lowering 
device for guiding a test specimen container 
and/or a container used as equipment required 
for testing to and withdrawing said container 
from a suction needle and an injection neede 
mounted as equipment required for testing on 
the work base. 

4. The automatic testing apparatus as claimed in 
claim 1, having a pump unit mounted on the work 
base fixed atop the work manipulation table as 
equipment required for testing, said pump unit com- 
prising: 

a driving means for raising and lowering pro- 



vided at a lower position, the ascent of said 
driving means connecting the pump unit and 
an axle of the driving means and driving a 
pump of the pump unit. 

5 

5. The automatic testing apparatus as claimed in 
claim 1 , further comprising: 

a device and a temporary placement area posi- 
10 tioned separately from the work manipulation 

table and that can be used in common without 
the need for replacement with each and every 
test specimen. 

is 6. The automatic testing apparatus as claimed in 
claim 1, having a sealed first partition chamber 
enclosing a range of handling operation of a robot- 
device, wherein said robot device is operated inside 
said first partition chamber comprising a clean 

20 booth function, said first partition chamber compris- 
ing: 

a sealable port portion for work base entry and 
exit; 

25 a f iter unit positioned on a top portion of said 

first partition chamber; and 
exhaust ports positioned on the bottom portion 
and side surface portions. 

30 7. The automatic testing apparatus as claimed in 
claim 6, wherein a work base stock device is pro- 
vided on a front step of the first partition chamber 
and the work base providing mechanism is struc- 
tured so as to provide from said stock device each 
35 work base to said test position inside said partition 
chamber. 

8. The automatic testing apparatus as claimed in 
claim 7, having a sealed second partition chamber 
40 enclosing said stock device, wherein said stock 
device is operated inside said second partition 
chamber comprising a clean booth function, said 
second partition chamber comprising: 

45 a sealable port portion for work base entry and 

exit; and 

exhaust ports positioned on the bottom portion 
and side surface portions. 

so 9. The automatic testing apparatus as claimed in 
claim 8, wherein the work bases retumably move 
between the first partition chamber and the second 
partition chamber. 

55 10. The automatic testing apparatus as claimed in 
claim 9, comprising: 

disinfecting means for spraying disinfectant 



10 



30 



23 



45 



EP0913 465A1 



46 



solution in the interior of the first partition 
chamber and the interior of the second partition 
chamber. 



cave portion and formed by a positioning hole 
corresponding to the outer diameter of a con- 
tainer positioned thereat. 



11. The automatic testing apparatus as claimed in 
claim 5, having as common-use equipment an 
ampule opening device for opening an ampule 
mounted as a test specimen on the work base, said 
ampule opening device comprising: 

a rotary blade for cutting the ampule, such that 
said robot device takes said ampule in a robot 
hand and in that condition contacts said 
ampule to the rotary blade for cutting the 
ampule so as to notch said ampule, inserts the 
neck portion of said ampule into the U-shaped 
notch or empty tube and opens the ampule. 

12. The automatic testing apparatus as claimed in 
claim 12, wherein said robot grasps the ampule in 
the robot hand and in that condition contacts the 
bottom portion of said ampule to a grasping posi- 
tion setting bar so as to set the corresponding posi- 
tions of the ampule and the robot hand. 

13. The automatic testing apparatus as claimed in 
claim 5, having a container grasping position 
changing device, wherein said container grasping 
position changing device advances to within the 
operating range of said robot when changing the 
grasping position of a container grasped by the 
robot, temporarily receives the container from said 
robot and then withdraws beyond the operating 
range of said robot when said robot has changed 
the container grasping position. 

14. The automatic testing apparatus as claimed in 
claim 5, wherein a sensor for ascertaining the outer 
diameter and length of test specimen containers is 
provided on an auxiliary work table so as to ascer- 
tain whether or not a container grasped by the robot 
hand is a predetermined container. 

15. The automatic testing apparatus as claimed in 
claim 1, including an indeterminate-shape con- 
tainer stored in a fixed container mounted on the 
work base as equipment required for testing or for 
the test specimen. 

16. The automatic testing apparatus as claimed in 
claim 1, wherein the work base has a container 
case for holding test specimen containers and/or 
containers required for testing, said container case 
comprising: 

a concave portion for positioning the container; 
and 

an adapter detachable attached to said oon- 



5 17. The automatic testing apparatus as claimed in 
daim 1 , wherein the container case is retrieved and 
brought to a predetermined position of the auxiliary 
work table so that only a predetermined container is 
pushed up by a container push-up device provided 

w on a lower portion of said auxiliary work table when 
the test specimen containers are positioned adja- 
cent to each other atop the work base. 

18. The automatic testing apparatus as claimed in 
is claim 1, wherein by a suction pg provided with a 
suction port atop the circumference thereof is used 
to retrieve a sample fitter from a filter holder and 
attach it to an agar culture mecfium. 
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19. The automatic testing apparatus as claimed in 
claim 1, further comprising a mechanism for han- 
ding an ampule as a test specimen, wherein a 
downwardly pointing needle is used to suck up the 
specimen solution inside the ampule and inject the 
specimen solution into a vial container using an 
upwardly pointing needle connected to the down- 
wardly pointing needle by a solution injection tube, 
after which a pump is rotated in the reverse direc- 
tion of its rotation when sucking up the contents of 
the ampule and the specimen solution remaining 
inside said solution injection tube unit is transferred 
to said vial container together with the diluent sup- 
plied from the upwardly pointing needle. 

2a The automatic testing apparatus as claimed in 
claim 19, wherein at least one of the downwardly 
pointing needle and the upwardly pointing needle 
attached to both ends of the solution injection tube 
unit is composed of two needles, one for ventilation 
and the other for either sucking up or injecting fluid 
inside a container, said two needles being placed 
into contact with each other along the length of their 
long sides so that the tip portions of both needles 
are aligned along the line of contact. 

21. The automatic testing apparatus as claimed in 
claim 1 , wherein a rinsing fluid is injected into the 
culture tubes attached to the work base and an 
exhaust port opening and closing device installed 
over the area at which the culture tubes are fixed is 
activated so as to control the opening and closing of 
an exhaust port provided on an upper portion of the 
culture tube and so to control the level of fluid in 
said culture tubes during rinsing when filtering. 

22. The automatic testing apparatus as claimed in 
claim 6, comprising: 



24 



47 



EP09134G5A1 



UV lamp emitting germ- killing rays and an 
ozone-generating lamp inside the first partition 
chamber. 

23. The automatic testing apparatus as claimed in 
claim 10. wherein strong-acid ionized water is used 
for said disinfectant fluid. 
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